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EXECUTIVE SUMMARY

The following report summarizes and analyzes impingement and
entrainment data collected from the cooling water intake structure (CWIS) of
Virginia Power's North Anna Power Station located on Lake Anna, in Louisa
County, Virginia. Included are data collected weekly from early 1978 through
1983. In addition to impingement and entrainment data, the report includes a
description of the site, station and operating history. Analyses of the data
appear to demonstrate from a holistic approach that the biological impact of
impingement and entrainment is having a minimal impact on the ecosystem of Lake

Anna.

In 1972, Virginia Power impounded the North Anna River creating Lake
Anna, resulting in a 3885 hectare (9600 acres) reservoir that provides
condensor cooling water for its North Anna Perr Station and a 1376 hectare
(3400 acre) Waste Heat Treatment Facility that receives the cooling water and
transfers the heat from the water to the atmosphere before discharge into the
reservoir. Lake Anna is 27 km (17 miles) long with over 438 km (272 miles) of
shoreline and is located in Louisa, Spotsylvania and Orange Counties within the
Piedmont province of Virginia. Normal lake elevation is 76.2 m (250 feet)
above sea level and the mean depth is approximately 8m. From its inception,
Lake Anna was designed as a multipurpose facility to accommodate both the power
station and recreational users. When flooded, the rolling terrain of the North
Anna River valley created a dendritic lake with countless coves and fingers.
Shoreline development of permanent and vacation homes soon followed, along with
development of several marinas and campgrounds. A state park is under

development using Lake Anna as 1its keystone. Abandoned roadbeds were left
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intact to serve, where accessible, as paved boat ramps. Clearcutting the lake
bottom prior to filling has resulted in acres of water safe for skiers, power
boaters and sailboaters. The Virginia Commission of Game and Inland Fisheries
recognized Lake Anna's multiple use potential and began a management plan by
stocking several species of fish. The result to date has been the creation of

a lake with ever-increasing popularity for sport-fishermen.

The North Anna Power Station consists of two nuclear units with a
total design rating of 2,910 Mwt. Commercial operation for Unit 1 began 1in
June 1978; Unit 2 became commercial in December 1980. Eight circulating water
pumps (4 pumps/Unit), each rated at 13.9 m3/s, are located at the intake
structure. The once-through cooling water system 1is filtered by a single
rotating traveling screen (9.5 mm mesh) in front of each pump. The nominal
temperature change across the condensors is 7.8°C.

Impingement estimates, representing 34 species, ranged from 4.6 x 104

in 1979 to 5.8 x 105 in 1983. Entrainment estimates within five dominant
species ranged from a total of 8.4 x 107 fish larvae in 1982 to 2.5 x 108 in
1981. As supported in text discussions, these numbers are considered too Tlow
to have a significant biological impact on Lake Anna. No fish eggs were
entrained during the study as all reproducing fish species in Lake Anna are
nest builders and/or have adhesive eggs. Gizzard shad, yellow perch, black
crappie, bluegill and white perch were the most commonly impinged and entrained
fishes. Gizzard shad, a forage species in the lake, numerically dominated the
collections by representing over 60% of the total 1in both CWIS sampling
programs. Total impingement and entrainment rates generally have declined over

the study period due primarily to the reduction in gizzard shad collection

numbers. In contrast, white perch collection numbers have increased over the



period and match the increase in the size of adult white perch samples from the
lake. Generally, fluctuations 1in the impingement and entrainment rate have

closely followed population densities as reported by cove rotenone studies.

Black crappie, a popular panfish, was the second most commonly
impinged species with an average annual impingement number of 28,437 compared
to an average of 116,646 for gizzard shad from 1979-1983. Estimated annual
creel numbers of black crappie were always higher than impingement numbers.
The percentage of small crappie ( <100 mm) impinged has decreased since 1978,
supporting the premise of a declining population which is consistent with other
biological data. This population decline could possibly reflect a natural
cyclic trend of the species or it possibly could be attributed to the lack of
preferred habitat in the lake. Results of cove rotenone studies in 1984 have

indicated a slight increase in the black crappie standing crop.

A comparison of impingement numbers to standing crop estimates of the
lake indicated that the percentage of the population affected by impingement is
very low. The average percentage of the gizzard shad standing crop that was
removed annually by impingement was 0.38% by number and 0.32% by weight. For
crappie, percentages averaged 3.1% (number) and 3.8% (weight). Values for
other species were less than 1.0%. As generally found in new reservoirs, Lake
Anna exhibited an initial high fish abundance during 1973 and 1974 followed by
a decline in succeeding years. Since 1978, the mean standing crop of fishes in
Lake Anna has remained relatively stable. The first station unit did not
become operational until mid-1978; therefore, it seems apparent from standing
crop comparisons that impingement from the power station has not caused

significant reductions or fluctuations in the fish community.
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A significantly greater number of fish (75% of the total) were
impinged during the winter season. Lower water temperatures during the winter
months tend to make fishes sluggish and therefore more susceptible to
impingement. Water velocities recorded in front of the CWIS were less than 0.2
m/sec, and therefore, nearly all fish appear to be able to avoid the intake
screens during other seasons. There 1is some evidence that fish in poorer
condition during warmer seasons may be more susceptible to entrapment at the

CWIS.

Goodyear's Equivalent Adult Analysis Model was used to determine the
impact of entrainment on the Lake Anna fishery. It provided a conservative
estimate of entrainment impact because of the moderate biological assumptions
used in the analysis. The result of the model analysis indicated the percent
cropping from the lake fish populations by the power station varied among years
and species. Values ranged from a low of 0.01% (black crappie in 1978 and 1979
and sunfishes in 1982) to a high of 4.13% (gizzard shad in 1980). These values
when compared with other studies are considered less than any that could cause

a significant impact on the Lake Anna fishery.

Natural compensation, which forms an integral, if not the underlying
foundation of modern fish management, should offset any individual losses from
impingement and entrainment. The principle of compensation or the capacity of
a population to ameliorate, in whole or in part, reductions in numbers 1is an
operant reality for fish populations subjected to exploitation whether by the
sport fishery, natural predators or impingement and entrainment. In general,
when individuals, particularly larvae and juveniles, are removed from a
population, the reproductive, survival and growth rates among the remaining

individuals tend to increase. In this manner the sheer numbers of individuals
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impinged or entrained by the North Anna CWIS are not necessarily indicative of
adverse environmental impact. This report demonstrates by comparing data from
other biological programs and by the use of a model that the effects of
impingement and entrainment at the CWIS of North Anna Power Station are minimal

and do not seem to adversely affect the fish populations of Lake Anna.



1.0 INTRODUCTION

The cooling water intake structure (CWIS) at an.e1ectric generating
station is one area where contact between the environment and the power station
is most evident. The environmental influences of operation are readily
observable here because they are primarily physical in nature. In a
once-through cooling system, a relatively large volume of water is.utilized to
condense the steam that is produced to turn the electric turbines. This water
is pumped from a source, such as a lake or river, by a circulating water pump
(CWP). Intake screens in front of the CWP's at power stations (usually 9.5 mm
mesh) filter the water and provide protection to the cooling system from damage
and clogging. Two fundamental biological effects at CWIS's are impingement,
the entrapment of organisms in front of the screens, and entrainment, the

passage of organisms through the intake water system.

Some of the fish that are too large to pass through the intake screen
mesh may stay in front of the screens and eventually will tire and become
impinged. Screens are periodically cleaned using a spray wash system and the
impinged fish washed from the screens are either discarded or returned to the
waterway. Observed and/or latent mortality of these fish may approach 100%,
although some CWIS modifications at power stations have been designed to
mitigate the environmental influence (White and Brehmer 1976; Scotton and
Anson 1977; Schneeberger and Jude 1981; Zeitoun et al. 1981; and Hadderingh
1982). The number of fishes impinged is a function of many variables (water
temperature, intake design, etc.) and the significance of the numbers should be
evaluated only with reference to the particular site in question. Entrainment
refers to those organisms that are smaller than the screen mesh and pass

through the cooling system. The degree of mechanical, thermal and chemical
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activity within the cooling system is the key factor in determining survival
rates (Ecological Analysts, Inc. 1977). Entrainment can result in a reduction
in the ichthyoplankton (fish eggs and larvae) population, which in effect, is
similar to an increase in natural predation. Predation and other mortality
causes affecting larval populations are important factors in determining the

stability of the adult fishery stock and its recruitment success.

Considerable information on impingement and entrainment has been
published. Four national workshops have been held and proceedings have been
printed listing various methodologies, program results, impact assessments,
design modifications and survival estimates for many site Tocations in the
country [held 1972, 1973, 1976, 1977; Loren P. Jensen, Editor; available
through either Electric Power Research Institute (EPRI), Palo Alto, California;
or EA Engineering, Science and Technology, Inc., Melville, N. Y. (formerly
Ecological Analysts, Inc.)]. Also EPRI has published several annotated
bibliographies on impingement and entrainment (EPRI, EA-1049 1979; EPRI,
EA-1050 1979; EPRI, EA-1855 1981).

The main objective of biological studies at intakes is to obtain
sufficient information to determine if the technology selected by the industry
is the best available to minimize adverse environmental impact (EPA 1976). A
guidance manual has been developed by EPA to assist industry in evaluating the
potential adverse impact of cooling water intake structures (EPA 1977).
Generally, regulatory agencies have recognized that a certain degree of
influence at intakes can be acceptable and that each case must be evaluated on

a site specific basis.



Impact assessment from a biological standpoint should be related to
the total effect on the ecosystem and not solely on numbers impinged or
entrained. This holistic approach allows scientists to consider the resiliency
of biological systems from imposed perturbations. The present stability of an
ecosystem and the extent of introduced stress to the system are important
considerations in the final analysis of total effect on the environment

(Zeitoun et al. 1980).

This impingement and entrainment report covers work conducted from
1978-1983 in accordance with Section 316(b) of Public Law 92-500 of the Federal
Water Pollution Control Act Amendments of 1972, and in compliance with the
Nuclear Regulatory Commission's Environmental Technical Specifications (Section
5.6.1.1) for North Anna Power Station (Docket Nos. 50-338 and 50-339), and the
Virginia State Water Control Board's NPDES Permit No. VA0052451 under Special
Conditions: Environmental Studies. The sampling program conducted and the
amount of data available for analysis, as submitted in this report, should
allow for a holistic evaluation of the environmental influence of the North
Anna Power Station intake structure on Lake Anna, Virginia. A 100% mortality
of impinged fish and entrained ichthyoplankton 1is assumed in this study,

representing a worstcase estimate of cropping by the power station.



2.0 SITE AND ENVIRONMENTAL DESCRIPTION -

2.1 Physical and Hydrological Characteristics

The Lake Anna dam (latitude 38°42'10", longitude 77°42'39") was closed

2 of the North Anna River basin

by Virginia Power in 1972 impounding 53 km
(Figure 2.1.1). This created a reservoir source of cooling water for the North
Anna Power Station and a smaller Waste Heat Treatment Facility (WHTF). Both of
these bodies of water share the burden of dissipating waste heat from the power
station to the atmosphere though the major portion is dissipated within the

WHTF. Lake Anna has since been utilized to a large extent by the public for

recreation and is being considered for hydroelectric power production.

Lake Anna has a surface area of 38.85 km2 (9600 acres), a volume of
3.0 x 108m3 and an average depth of 7.6 m. The maximum depth at the dam is 24
m. The WHTF has a surface area of 13.76 km? (3400 acres), a volume of 7.5 x

107m3, an average depth of 5.5 m and a maximum depth of 15 m in the vicinity of

the dikes. The average annual inflow to the lake is about 7.6 m3/s and lake
level is maintained by three radial gates in the dam and two near-surface
skimmers. The minimum allowable discharge to the river is 1.1 m3/s but the
annual discharge averages 6.2 m3/s. The annual average evaporation from the
lake surface is estimated to be 1.7 m3/s. The design elevation of the lake is
76.2 m (250 feet) above mean sea level; the highest recorded Take Tevel during
the study period was 76.5 m (251.0 ft.) (January 28, 1976) and the Tlowest
recorded level was 75.4 m (247.4 ft.) (October 24-25, 1977).

Lake Anna s 27 km (17 miles) long with over 438 km (272 miles) of

shoreline and is located in Louisa, Spotsylvania and Orange Counties. It is in
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the headwaters of the York River and drains 888 km2 (York River drainage = 6889
km2) (Figure 2.1.2). A tributary reservoir, Lake Anna is typified by a
relatively ‘sma11 drainage area/surface area ratio (22.9) and a long hydraulic
retention time (465 days). The efficiency of a water system to process and
trap organic input is critically dependent on the length of the retention time.
Reservoirs with long retention times are generally dominated by autochthonous

production.

This lake basin 1is characterized by igneous and metamorphic rock
underlayments (Figure 2.1.3) that typically produce soft to moderately hard
sodium bicarbonate water. Iron 1is often present in troublesome amounts in
groundwater, along with sulfides and acidic conditions. Three inactive pyrite
)

mines and mining spoils piles (0.12 denuded km are contributing high

concentrations of dissolved metals and acid leachate to Contrary Creek, which

drains 60 km2

of Louisa County and discharges into Lake Anna 3 km upstream from
the power station. The average annual flow of Contrary Creek is 0.2 m3/s where

it empties into Lake Anna.

The effects of acid mine drainage from Contrary Creek were evident for
several miles downstream prior to the impoundment of Lake Anna. However, the

reservoir has ameliorated the negative effects of peak pollutants downstream

from the dam by diluting the- influent.
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2.2 Limnetic Characteristics

Lake Anna is an oligo-mesotrophic, second order dimictic reservoir by
definition (Reid and Wood 1976). Anoxia occurs throughout the hypolimnion in
Lake Anna during summer stratification to varying degrees depending on the
oxygen demand of organic decomposition and aquatic life present. Because of
thermal density resistance to mixing, stratification usually persists through
the summer in Lake Anna until cooler inflows and weather conditions produce the

fall overturn.

Surface intake cove water temperatures recorded hourly by continuous
recorders (Endeco) were tabulated; daily means for 1978-1983 are shown in
Figures 2.2.1-2.2.6. Temperature and dissolved oxygen isopleths for the intake
station are shown 1in Figures 2.2.7-2.2.12, and the third plot in each figure
shows the level of station operation (% of total power Tload and pumping
capacity). Station operation is discussed in more detail in Section IV. In
general, the lake was vertically homothermous from mid-September until April.
Thermal stratification was usually evident to some degree from May-August but
appeared to be the most pronounced in 1982 from July-August (Figure 2.2.11).
This period of pronounced stratification coincided with anoxia below 8m
contrasting with the results for 1983 (Figure 2.2.12) at which time there was a

higher degree of station pumping and lake circulation.

In general, the headwaters of the York River Basin have been known for
excellent water quality attributed to low level development and the general
paucity of municipal and industrial dischargers. Annual means for nitrate

nitrogen, ammonia nitrogen and total phosphorus are shown in Figures
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2.2.13-2.2.15, respectively. The location of this reservoir in the headwaters
of the drainage basin may be related to generally low levels of total
phosphorous (less than 0.05 ppm) in the lake water; the geologic nature of this
region may account for the typically low alkalinity levels (0-40 ppm as CaC03).
Both of these parameters indicate low to fair organic productivity in Lake
Anna, but within the reservoir, the shallow upper reaches are more fertile than
the lower reservoir and are typified by higher alkalinities and levels of
autochthonous and allochthonous input. Appendix A gives a complete listing of
environmental reports available describing the current and historical physical,

chemical and biological parameters of Lake Anna and the North Anna River.
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3.0 STATION DESCRIPTION

3.1 Location & General Site Features

The North Anna Power Station was constructed in Louisa County in
central Virginia 48 km (30 miles) northwest of Richmond and 64 km (40 miles)
east of Charlottesville. The two units of the station are located on the south
bank of a 1lake formed by a dam on the North Anna River 0.8 km west of the
common junction of Louisa, Hanover and Spotsylvania Counties (Figure 3.1.1). A
total of 76 km2 (18,643 acres) of land was purchased in these three counties
for construction of a dam and reservoir, the power station, service roads, a

spur railroad, and 1.5m (vertical) of surcharge capability.

Unit 1 was under construction beginning in 1969 and was ready for
commercial operation in April 1978. Unit 2 constructioﬁ began in March 197Q
and was completed in August of 1980. Both units were expected to operate at
annual average capacity of 65%, and thus far, Unit 1 is slightly underachieved,
while Unit 2 1is averaging slightly more than the expected 65%. The thermal

conversion efficiency is approximately 33% for each unit.

3.2 Heat Exchanger Components

The station has a once-through cooling system (circulating-water
system) to dissipate waste heat from the turbine condensers and from the
auxiliary cooling systems to the environment (Figure 3.2.1). When both units
are operating, water 1is taken from Lake Anna at a rate of about 117 m3/s
(1,858,000 gpm), circulated through the turbine condensers and service water

system, and returned to the reservoir via the WHTF. Appendix B contains
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technical specifications for some of the station components associated with the
intake structure. During operation, the heat generated in each reactor is
transferred through the primary-coolant system to the steam generators. Units
1 and 2 each have three separate closed-cycle loops with one turbine-generator
per loop. The steam generators transfer the heat from the primary-coolant
system (around 302°C under 2235 PSI) to produce steam at a constant pressure in
the secondary system. This steam is transferred through the closed-cycle
secondary loops to the steam turbines, which drive the generators to produce
electricity. After passing through the turbines, the spent steam is condensed
and returned to the secondary sides of the steam generators to repeat the

cycle. The station's NPDES permit Timit is 13.5 x 10°

Btu of waste heat per
hour into the cooling water effluent (equivalent to about 66% of the total
thermal power generated in the core). Units 1 & 2 have a design NSSS rating of
2910 . MWt but is currently licensed to operate at the NSSS rating of 2785 MWt.

The maximum AT across the condensers during the summer is 8.0° C (14.5° F), and

during the winter predicted is 10.2°C (18.3°F).

3.3 Intake Structure

The cooling water for both the condenser circulating water system and
the service water system is withdrawn from Lake Anna through two screenwells
(one screenwell per unit) located in a cove north of the station. Each
screenwell contains four individual bays, each bay (Figure 3.3.1) equipped with
a trash rack, a traveling screen, and a vertical motor driven circulating water
pump. The trash racks consist of 1.3 cm wide by 8.9 cm thick vertical bars
spaced 10.2 cm on center (the velocity of the flow through the trash racks is
about 0.2 m/s (1 fps) (Table 3.3.1). The traveling screens, constructed of

l4-gage wire with 9.5 mm square openings, are designed to rotate once every 24
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hours or whenever a predetermined pressure differential exists across the
screens. Debris collected by the trash racks are removed by horizontally
traversing mechanical rakes and then collected in hoppers which discharge the
debris into wire baskets for disposal as solid waste. Debris and fish
collected by the traveling screens are washed into wire baskets for disposal as

solid waste.
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Table 3.3.1. Intake water velocities (m/s) measured at each bay (approximately
5m out from trash racks) during two-unit operation, 9/30/81.

*Circulating Water Pump (4 Pumps/Unit)

Depth Unit 1 Unit 2
(meters) 1 3 4 5 6 1 8
Sfc .12 .14 .15 .16 .17 .16 .18 .16
1 .13 .24 .15 .21 .19 .21 .21 .18
2 .18 .21 .19 .22 .20 .19 .19 .17
3 .18 .21 .19 .22 .21 .24 .20 .17
4 .18 .18 .18 .23 .20 .21 .18 .21
5 .18 .18 .18 .22 .19 .22 .19 .19
6 .12 .21 .19 .19 .15 .23 .22 .16
7 .18 .15 .22 .21 .18 .19 .19 .13
8 .15 .18 .17 21 .18 .21 .16 12

*Each pump rated at 13.9 m3/s
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4.0 OPERATING HISTORY

Lake Anna began receiving thermal additions in April, 1978 when the
first nuclear unit became operational. It had been operating commercially for
two years, as of June 1978, when Unit 2 was completed in August, 1980. Unit 2
went into commercial operation in December 1980. The daily operations of each
unit and the eight circulating water pumps for the study period (1978-1983) are
shown graphically in Figures 4.0.1-4.0.10 and summarized by month in Table
4.0.1. These data are combined with air and intake water temperatures to give
an overall perspective on station operation (Table 4.0.1, Figures

4.0.1-4.0.10).

Throughout most of 1978, Unit 1 operated near full power (50%
capacity). From November through January (1978-1979) all eight pumps were
operating. In April of 1979, Unit 1 went off line but then operated near full
power until mid-September when it went into an outage. By October of 1980, the
station began to approach full operating capacity (both Unit 1 and Unit 2 near
full power); the pumps had been running at greater than 80% capacity since
June. Power levels and pumps decreased activity during the winter of 1980-1981
(approximating 50% capacity) but geared up again in the spring and early summer
of 1981. The level of pumping activity remained high, decreasing in the spring
of 1982, but the power level dropped to 50-60% in July, August and October of
1981, and fell off almost completely during the summer of 1982. Power
production came up to around 50% capacity in September and by the summer of
1983 both units were operating at near full capacity (from July-September,
November and December). Refer back to Figures 2.2.7-2.2.12 for monthly bar

graphs of power level and pumping capacities.



TABLE 4.0.1. SUMMARY OF COMBINED POWER LEVELS (%), COMBINED PUMPING CAPACITY (%), AIR TEMPERATURES RECORDED AT BYRD AIRPORT,
RICHMOND, VA. (C), AND SURFACE INTAKE WATER TEMPERATURES (C) FOR THE STUDY YEARS, 1978-1983.

YEAR MONTH POWER CIRC. AIR NALINT
LEVEL WATER TEMP
PUMPS

78 1 0.0 5 0.8 3.3
2 0.0 14 =0.9 3.0

3 0.0 25 6.9 3.8

) 6.2 50 14.0 12.5

5 20,5 b4 18.6 18.4

6 B1.5 50 23.7 25.3

7 42.5 74 25.3 27.7

8 47.4 52 26.7 28.8

9 36.0 4y 22.7 26.5

10 42.4 T4 4.6 19.6

11 47.4 85 11.4 15.3

12 46.6 100 5.8 10.4

79 1 41.4 93 2.4 5.7
2 43.0 56 -1.9 2.6

3 b44y.5 38 10.6 6.6

4 0.0 34 .7 13.3

5 Ly, o 56 ~ 19.5 19.1

6 48.7 L6 21.6 M

7 h7.4 50 24,9 28.2

8 49.5 50 25.4 27.4

9 35.1 69 21.7 24.8

10 0.0 N 14.6 18.6

1 0.0 25 11.8 13.7

12 0.0 . 32 7.4 8.8

80 1 5.0 64 3.8 5.3
2 38.4 59 2.2 3.6

3 48.8 58 8.6 6.6

i h2.7 38 16.2 14,2

5 35.2 70 20.2 20.3

6 32.5 82 22.7 24. 4

7 47.4 93 26.7 28.0

8 50.3 81 27.1 29.1

9 62.6 92 23.7 27.2

10 85.4 79 13.8 20.5

11 47.2 - 66 7.9 13.5

12 63. A 3.7 8.2

6¢



TABLE 4.0,.1(CONT). SUMMARY OF COMBINED POWER LEVELS (%), COMBINED PUMPING CAPACITY (%), AIR TEMPERATURES RECORDED
AT BYRD AIRPORT, RICHMOND, VA. (C), AND SURFACE INTAKE WATER TEMPERATURES (C) AT ENDECO NALINT
FOR THE STUDY YEARS, 1978-1983.

YEAR MONTH POWER CiIRC. AlR NALINT
LEVEL WATER TEMP
PUMPS

81 1 h42.8 38 ~0.4 3.5
2 48.7 39 5.7 4.6

3 47.0 Ly 7.0 7.7

4 82.0 90 15.9 .4

5 79.0 85 17.8 19.8

6 78.6 84 25.5 26.8

7 47.4 88 26.4 28.4

8 59.8 92 23.9 27.5

9 93.4 100 20.8 25.5

10 55.6 92 13.6 18.6

11 94.0 . 82 9.5 13.7

12 96.6 75 3.3 9.8

82 1 85.6 75 -0.2 4.1
2 93.6 75 5.4 5.3

3 54.6 52 9.5 8.9

b 43,2 41 13.3 12.9

5 11.0 38 21.3 21.2

6 25.0 30 23.0 244

7 9.3 4o 25.9 28.9

8 1.0 38 23.9 27.7

9 47.2 38 21.0 24,2

10 49.6 38 15.1 19.1

M 47.6 . 64 11.0 13.8

12 48.3 64 7.8 10.6

83 1 37.5 38 3.2 6.9
2 47.6 67 3.9 5.4

3 73.6 75 10.2 8.9

4 51.6 41 13.4 12.1

5 42.0 57 18.9 19.3

6 79.3 92 2,2 25.7

7 92.2 100 26.3 29.5

8 99.4 98 25.4 M

9 95.8 100 20. 4 27.2

10 60.8 92 W5 21

11 96.6 75 9.4 4.8

12 *96.1 75 2.3 10.1

oy
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5.0 METHODS AND MATERIALS

5.1 Impingement

Impingement, as described in this report, is the collision and
subsequent retention of fishes upon the traveling screens of the water intake
structure. Impingement samples were collected from April 1978 through

December 1983 on a four-week cycle.

The sampling schedule for the first 3 weeks of a 4-week cycle
consisted of two 24-hour samples per week collected on non-consecutive days.
During the fourth week, a composite sample was taken consisting of twelve
continuous 2-hour samples. Screens were washed for 1/2 hour prior to beginning
a 24-hour sampling period and the resulting debris and fish remains were
disposed of. For each sample collection, environmental laboratory bersonne]
washed each screen for a minimum of 10 minutes to insure all fish were removed.
A1 operable screens were washed when the corresponding circulating water pump
was in operation. .The fish were washed into a catch basket at the end of a
sluiceway and were removed and transported to the laboratory. Decayed fish
that obviously had been dead for longer than 24-hours were excluded from the
impingement sample. In the laboratory, up to 50 individuals of each species
were measured (total length, T.L., in mm) and weighed (nearest 0.1 g). Those
species numbering over 50 were enumerated and weighed in bulk. Water
temperature, dissolved oxygen, weather conditions and numbers of operating
screens and pumps were noted during each sample. All data were recorded on

standardized computer data sheets.
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Velocity profiles (measured with a Marsh-McBirney Model 201
electromagnetic current meter) were obtained from surface to bottom at one

meter intervals in front of the trash racks.

5.2 Entrainment

The 1978-1983 entrainment sampling program extended from March to July
of each year. During this period, samples were collected at 0600, 1200, 1800

and 2400 hours each week.

Samples were taken at the surface, mid-depth and bottom by placing
paired conical nets in front of a predetermined intake forebay (Figure 5.2.1)
for 10 minutes per depth. The mesh size of the netting was .505x and the
conical measurements were 0.5 m x 1.5 m. After 10 minutes the nets were
retrieved and the samples were rinsed into jars. Samples were returned to the
laboratory, sorted and preserved in 3% buffered formalin. The collected
individuals were identified to the lowest possible taxon. The volume of water
filtered during the sample was determined wusing large-vaned,
Tow-velocity-sensitive digital flowmeters (General Oceanics Model 2030 MK II).

Water temperature and dissolved oxygen levels were taken at each sample depth.
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6.0 RESULTS AND DISCUSSION

6.1 Impingement

Impingement studies have been conducted at North Anna Power Station
for a period of five years and nine months, April 1978 through December 1983.
During this time, a total of 2.4 x 10° fishes weighing 5.7 x 10° kg have been
impinged, representing 34 species and 13 families (Tables 6.1.1 and 6.1.2).
These collection totals extrapolate to an estimated total number of fishes

5 4

impinged of 9.6 x 107 with an estimated total weight of 2.3 x 10° kg (Table

6.1.3).

The full year having the greatest number of fish impinged was 1979
(61%. of total) followed by 1981 (13%); 1980 (12%); 1982 (7%) and 1983 (5%)
(Table 6.1.3). During 1978 impingement sampling was not conducted for the
entire year. Gizzard shad, Dorosoma cepedianum, comprised 77.6% of the 1979

impingement total, of which 64% (an estimated 2.9 x 105 were impinged between

February 20 and March 20 of that year (Tables 6.1.1 and 6.1.2). It is
significant, because of the large numbers of fish impinged in 1979, that the
lowest water temperature ever recorded (1975-1983) by Endeco temperature
monitors 1in the intake area of Lake Anna was recorded on February 20, 1979
(1.18°C) (Vepco-unpublished data). Low water temperatures will notably reduce
gizzard shad mobility (Griffith 1978; McLean et al. 1982). Winter kills (and
high winter dimpingement rates) are common for -this species when water
temperature falls below 3.3°C (Jester & Jensen 1972), and the higher 1979
impingement rates were most 1ikely influenced by the extreme cold experienced

during February of that year.

-~
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Seasonally, most fish were dimpinged during the winter (75% of the
total), followed by spring (13%), fall (9%) and summer (3%) (Table 6.1.4).
Higher impingement rates during winter and early spring are a common occurrence
in other areas (Reutter and Herdendorf 1979; Porak & Tranquilli 1981). Lower
water temperatures encountered in winter tend to make fish sluggish so they may
not be able to avoid the intake currents as easily (McConnell 1975; Latvaitus ~

1976).

The estimated total numbers of fish impinged by species by season
(winter: January-March; spring: April-Jdune; summer: July-September; fall:
October-December) were calculated from the seasonal mean values, which were
calculated from daily impingement values. Seasonal estimates were computed by
multiplying the number of days in the season by the seasonal daily mean; yearly
estimates are the sum of the seasons. To simplify computing, the 24-hour
samples and the 12 2-hour samples were combined and both considered 24-hour
samples for this report. This is a different formula than used in determining
previous impingement estimates so there are slight differences between present

estimates and those of previous interim reports.

Water velocities were measured approximately 5m in front of six intake
screens under varying modes of operation (Table 3.3.1). The average intake
velocity, across all eight bays, with all eight pumps running, was Jless than
0.21 m/second (0.69 ft/sec). The maximum, at one meter depth in front of bay
two was 0.24 m/sec. This is somewhat Tower than intake velocities encountered
at the Kincaid Generating Station (maximum 0.34 m/sec) in I1linois (Porak and

Tranquilli 1981).
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Adult fish swimming speeds are related to body morphology and Tength.
Burst speeds of 10 body 1lengths per second and cruising speeds of 3 body
lengths per second are generally accepted for fish (Bainbridge 1958; Blaxter
1969). Burst speeds cannot be sustained for very 1long and are usually

associated with escape responses.

From these data, fish larger than 24 mm total length (.24m/10) should
have no trouble escaping the intake screens if they are in good condition and
not cold stressed. Impingement 1length-frequency figures (6.1.1 - 6.1.5)
indicate that most impinged fish were larger than 25 mm. This would indicate
that fish most vulnerable to entrainment by the power plant are individuals in
poor body condition. These are the weaker individuals that would ordinarily be

selected by natural predators in the lake.

The most commonly impinged fish during this study was gizzard shad,

(61%); followed by black crappie, Pomoxis nigromaculatus, (16%); yellow perch

Perca flavescens, (16%); bluegill Lepomis macrochirus, (4%) and white perch

Morone americana, (1%). No other species comprised more than 1.0% of the total

number impinged (Table 6.1.1 and 6.1.3).

Gizzard shad comprised the majority of the fish impinged during 1979
(77.6% of the total); 1981 (51.9%) and 1983 (36.6%). During 1980 and 1982
black crappie were impinged most often (33.1% and 36.9% respectively) (Tables
6.1.1 and 6.1.3).
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Gizzard shad is the major forage fish in Lake Anna; however, threadfin
shad introduced in 1983 may eventually supplement gizzard shad as the primary
forage species. Gizzard shad 1is an excellent forage fish when small but
quickly grows too large for sport fish predation. Adult gizzard shad compete

with sport fish for food and habitat (Porak and Tranquilli 1981).

Gizzard shad is the most abundant species in Lake Anna in terms of
biomass (kg/ha) (Vepco 1983 and 1984). This species generally frequents open
surface waters but 1is found deeper 1in fall and early winter (Jones 1978).
Adult gizzard shad are large enough to avoid the 1intake current if healthy,
therefore, they were probably already physically impaired in some way when
impinged; sluggish from the cold water, possibly dying or already dead and
floating or rolling along the bottom. The emaciated condition observed in many
of these fish collected in the summer would tend to support this theory. If
gizzard shad impinged during the summer are already in poor condition when
impinged, as hypothesized above, this should show up 1in condition value
comparisons. Condition values, K =!L%%E— (Carlander 1969) were calculated for
gizzard shad collected from the intake screens during 24-hour samples during
October 1983 and compared with a sample of approximately equal length gizzard
shad collected from lake gill nets during October 1983. These values (Gill
Net-0.83; Impingement-0.60) were found to be significantly different at the 99%
Tevel (S.A.S. proc. T-test). October was the only month tested because of the

difficulty in obtaining large numbers of equal length gizzard shad.

The 1length-frequency data for gizzard shad impinged at North Anna
between 1978 and 1983 are bimodel with peaks for the 75-125 mmT.L. (48%) and
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175-225 mmT.L. (38%) groups (Figure 6.1.2). Cove rotenone data for the years
1981, 1982 and 1983 (the only years length-frequency data is readily available)
also indicate low numbers of gizzard shad collected for the 127.0-152.4 wmmT.L.
size class (4.1, 3.6 and 0.2% respectively) (Vepco 1983 and 1984). Therefore,
this gap is probably a cohort growth anomaly rather than an impingement
artifact. There was a large gizzard shad year class in 1979 when 92% of the
total was less than 150 mmT.L. and the overall gizzard shad total was the
highest impinged of all years (Table 6.1.5). The impingement data indicate
there was a smaller gizzard shad year class in 1980, very small in 1981 (only
7% less than 150 mmT.L.), building in 1982 and relatively large in 1983 (86%
below 150 mmT.L. but smallest total of five year period). Threadfin shad were
introduced into Lake Anna in the spring of 1983. Their impingement combined
with gizzard shad (6% of total) in 1983 impingement (fall and winter) equals
the 1982 impingement total for gizzard shad (~ 2.0 x 104) (Table 6.1.1).
Threadfin shad do not grow as large as gizzard shad and are available as forage
throughout their 1life cycle and are therefore considered a better forage
species. They are, however, more susceptable to mortalities due to Tow water

temperatures than are gizzard shad (Griffith 1978).

Black crappie was the second most commonly impinged fish over the
entire study period and the most commonly impinged during 1980 and 1982 (Table
6.1.1 and 6.1.3). Black crappie is a sought after game fish in Lake Anna but
has been declining in number since 1979 when the creel harvest estimate
"bottomed out" at 5.7 «x 104 compared to the 1978 creel harvest estimate
>

of 1.1 x 10° (Sledd and Shuber 1981).
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Cove rotenone studies at Lake Anna have also shown a steady decline of
black crappie since 1978 (Vepco 1983 and 1984). Although cove rotenone studies
have sometimes proven inadequate as a basis for estimating black crappie
standing crops in reservoirs (Carter 1958), the Lake Barkley rotenone study
(Aggus et al. 1979) found that black crappie recovery from small coves did
approximate their total standing crop. Black crappie feed primarily on minnows
but also on aquatic insects and other organisms (Hildebrand and Schroeder 1928;
Eddy and Underhill 1943) and would be attracted to the intakes by the volume of
planktonic food organisms, and the smaller fishes which feed on them, flowing
through the system. Black crappie are also attracted to structure in deeper
water (Pflieger 1975) and so might also be attracted to the intake structure
for this reason. The decline in the population over the study period may be
partly due to the lack of structure in the lake, as the 1lake was completely
clear-cut prior to impoundment. Black crappie prefer to spawn in or near
underwafer structure, and the lack of structure in the Take may 1limit its

spawning success.

More than 60% of the black crappie impinged during the five plus year
study were larger than 150 mmT.L. (Figure 6.1.1). This is similar to cove
rotenone data for the years 1981, 1982 and 1983 when 52%, 75% and 60%
respectively of the black crappie collected were larger than 150 mmT.L. (Vepco
1983 and 1984). The percentage of small crappie (<100 mmT.L.) impinged has
decreased dramatically since 1978; from 32% of total crappie impinged in 1978
to 1% 1in 1982 and 1983 (Table 6.1.6). This is symptomatic of a relative

decline in population.
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Yellow perch was the third most frequently dimpinged species, during
the study, at 16% of the total (Table 6.1.1). Estimated impingement declined

4 3

during this period from a high of 8.7 x 10" in 1979 to a Tow of 3.5 x 107 in

4 Yellow perch is a sought after game species by

1983 and averaged 2.9 x 10
anglers in the Northern states (Ney 1978); however, it is insignificant as a
sport fish in the South (Clugston et al. 1978). It's primary importance in
Lake Anna is as a forage fish. During the 1976-1979 North Anna-creel surveys,
yellow perch was Tlisted as a non-game species, however, an estimated yearly
average of 1,828 were creeled during that period (Sledd and Shuber 1981).

During the 1983 creel survey, the estimated total number of creeled yellow

perch was only 107, or 0.3% of the total fish caught.

North Anna cove rotenone data also indicate that the standing crop of
yellow perch has been declining in the lake since 1976, from 17.98 kg/ha to
4.22 kg/ha in 1983 (Vepco 1983 and 1984). Rotenone samples in Keowee Reservoir
and Jocasse Reservoir in South Carolina indicated much lower yellow perch
standing crops than North Anna, ranging from 0.1 to 2.2 kg/ha (Clugston et al.
1981). As Lake Anna cove rotenone samples were collected in August in
generally shallow areas, it is quite possible that the standing crop of yellow
perch 1is wunderestimated as they may have been concentrated in the deeper,
cooler water at this time. Yellow perch generally prefer cooler water (18-21°C
for adults and 20-24°C for juveniles) (Ferguson 1958; McCauly and Read -1973).
Relative changes in yellow perch standing crop determined from cove rotenone
data probably reflect actual population changes. This agrees with the declines

noted in impingement and creel survey data.
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Yellow perch feed primarily on small crustaceans, insects and fish
spending the day in deep water while moving inshore to feed in the evening
(Pflieger 1975). Therefore, their presence in front of the screens 1is not

unexpected for the same reasons as those given for black crappie.

Most of the yellow perch (92%) impinged during this study were smaller
than 150 mm in length (Figure 6.1.3). This compares favorably with Tlake
population studies (rotenone) which 1indicates that most of the yellow perch
population is from year class O to year class II (0-150 mmT.L.); during 1981,
97.3% of the yellow perch collected were less than 150 mm; 1982, 99.3% and
1983, 92.6% (Vepco 1983 and 1984). The number of small yellow perch
( <100 mmT.L.) dimpinged has decreased yearly from 1978 through 1981 and then
increased slightly in 1982 and 1983 (Table 6.1.7). This might {indicate a

leveling off of the yellow perch population decline.

Bluegill was the fourth most often impinged fish during the five plus
year study period at 4% of the total and an annual average impingement rate of
7.5 x 103 (Table 6.1.1 and 6.1.2). Bluegill impingement increased in 1980 and
again in 1981 then decreased considerably during 1982, with a slight increase
during 1983 (Table 6.1.3). Bluegill is the numerically dominant species in
Lake Anna (Vepco 1983 and 1984) and is considered a game fish in the lake
(Sledd and Shuber 1981). It is also one of the primary forage fishes in the
lake, at small sizes (determined from laboratory game fish stomach analysis)

(Vepco 1983).
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Annual cove rotenone data indicate a fairly steady standing crop of
bluegill in the lake since 1979, that ranges from 58.8 kg/ha to 74.2 kg/ha with
an average of 65.3 kg/ha. Although bluegill feed on the same general food
jtems as black crappie and yellow perch, they prefer to forage in weed beds in
shallow areas (Eddy and Underhill 1943). Their presence in impingement samples
is therefore probably more related to their numerical dominance in the lake

than to their preferred habitat.

The majority of the bluegill (73%) impinged during this study were
small (<100 mmT.L.) (Figure 6.1.4). This concurs with rotenone data for 1981,
1982 and 1983 when fish in the bluegill population less than 101.6 mmT.L. was
estimated at 88%, 78% and 89% respectively {(Vepco 1983 and 1984). It appears
from these data that a slightly greater percentage of larger bluegill was
impinged than exist in the population as a whole. This may be because Tlarger
bluegill are attracted to the intake area to feed, especially in the spring,
when schools of them can be seen feeding on the surface in front of the

intakes, presumably on fish larvae and insects.

Small bluegill (< 100 mmT.L.) as a percentage of total bluegill
impinged annually has increased steadily, from 30% in 1978 to 70% in 1983
(Table 6.1.8). The estimated total number impinged has also increased annually
(Table 6.1.3) indicating a thriving bluegill population in the Take. This is

supported by the previously mentioned rotenone data.

White perch was the fifth most often impinged fish during the five

plus year study period, and the last species comprising more than 1% of the
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total (Table 6.1.1). This species comprised 1.4% of the total number impinged
with an estimated annual average of 2.7 x 103 (Table 6.1.1 and 6.1.3). White
perch impingement generally increased over the study period, matching the
increase of white perch in the lake. White perch were first documented in the
Lake in 1973 and were not collected again until 1976. Since 1976, the white
perch population has increased dramatically in Lake Anna according to results
of ongoing adult fish and ichthyoplankton survey programs (Cooke 1984). Since
1977, the increase in white perch population has been accompanied by a decrease
in the black crappie population. Black crappie comprised 15.0% of the
reservoir standing crop in 1976 and white perch 0.02% (from rotenone data). By
1983, black crappie comprised 1.5% and white perch 8.2% of the total standing
crop (Vepco 1983 and 1984). This exchange of relative dominance is probably
not directly related to white perch, as the major decreases in the size of the
crappie population occurred during 1976 and 1977 when white perch still

comprised an insignificant portion of the standing crop.

White perch was considered a non-game species during the 1976-1979
creel survey when a annual estimated average of 86 fish were creeled (Sledd and
Shuber 1981). During the 1984 survey an estimated 2.6 x 10 (6.8% of the
total) white perch were creeled. Currently, its main contribution to the Lake
Anna fishery, however, is as a forage fish at small sizes (Vepco 1983). White
perch is a sought after game fish in estuarine and tidal fresh waters, but
usually becomes stunted and a "rough" fish in impoundments. tHi]debrand and
Schroeder 1928; Mansueti 1964; Hergenrader and Bliss 1971; Wallace 1971; St.

Pierre and Davis 1972).
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White perch feeds primarily on small fish (Hildebrand and Schroeder
1928) as do black crappie and yellow perch. Being primarily an open water
species‘its presence in impingement samples is not unexpected. As the total
number of white perch increased annually in impingement samples, the percent of
small fish (< 200 mmT.L.) also increased. This is indicative of an expanding
population; however, combined with a relative lack of larger individuals, this
change may also. indicate a stunting of the population (Table 6.1.9). These

data are similar to rotenone data (Vepco 1983 and 1984).

The majority of the remaining species (68% of the total) collected
were small, less than 150 mmT.L. (Figure 6.1.5). This is probably a reflection
of the total lake standing crop, comprised of mostly smaller, younger

individuals.

Generally, new reservoirs show a trend of high initial productivity
followed by decline. This 1is primarily due to high nutrient levels from
freshly inundated vegetation and soil. Environmental conditions tend to
stabilize 5 to 10 years after impoundment and fish biomass stabilization
follows (Jenkins 1977). Lake Anna exhibited high initial fish abundance during
1973 and 1974 followed by a decline in 1975 (Reed and Simmons 1976, Appendix
A). During 1976, the Lake Anna mean standing crop was 295.9 kg/ha (from cove
rotenone data). The most productive area (at least in future samples),
Pamunkey Creek Arm, was not sampled that year. During 1977, with all four
coves sampled, the mean standing crop was 332.0 kg/ha, which decreased during
1978 to 262.4 kg/ha. Since 1978, the mean standing crop has fluctuated but
averaged 267.8 kg/ha for the following 5-year period.



Year

1976
1977
1978
1979
1980
1981
1982
1983

These data would appear to

indicate

a

60

Lake Mean
Standing Crop (kg/ha)

295.9
332.0
262.4
233.1
321.1
263.3
265.8
257.3

stabilization of standing crop, as

predicted by Jenkins (1977), which has been unaffected by impingement rates.



TABLE 6.1.1.

FAMILY

ANGU I LL I DAE
APHREDODER | DAE
CATOSTOMIDAE

CENTRARCHIDAE

CLUPEIDAE

CYPRINIDAE

CYPRINODONT | DAE
ESOCIDAE
ICTALURIDAE

PERCICHTHY IDAE

PERC I DAE

PETROMYZONT { DAE
UMBR | DAE

SPECIES

ANGUILLA ROSTRATA
APHREDODERUS SAYANUS
CATOSTOMUS COMMERSON|
ERIMYZON OBLONGUS
ACANTHARCHUS POMOTIS
LEPOMIS AURITUS
LEPOMIS GiBBOSUS
LEPOMIS GULOSUS
LEPOMIS MACROCHIRUS
LEPOM!S MICROLOPHUS
MICROPTERUS SALMOIDES
POMOXIS NIGROMACULATUS
ALOSA AESTIVALIS
DOROSOMA CEPEDIANUM
DOROSOMA PETENENSE
EXOGLOSSUM MAXILLINGUA
NOTEMIGONUS CRYSOLEUCAS
NOTROPIS ANALOSTANUS
NOTROPIS CORNUTUS
PHOXINUS OREAS
PIMEPHALES NOTATUS
FUNDULUS HETEROCLITUS
ESOX NIGER

ICTALURUS CATUS
ICTALURUS NATALIS
ICTALURUS NEBULOSUS
ICTALURUS PUNCTATUS
MORONE AMER|CANA
MORONE SAXATILIS
ETHEOSTOMA OLMSTEDI
PERCA FLAVESCENS
STIZOSTEDION VITREUM
PETROMYZON MARINUS
UMBRA PYGMAEA

COMMON
NAME

American eel
pirate perch
white sucker
creek chubsucker
mud sunfish
redbreast sunfish
pumpkinseed
warmouth

bluegill

redear sunfish
largemouth bass
black crappie
biueback herring
gizzard shad
threadfin shad
cutlips minnow
golden shiner
satinfin shiner
common shiner
mountain redbelly dace
biuntnose minnow
mumm i chog

chain pickerel
white catfish
yeliow bul{head
brown bullhead
channel catfish
white perch
striped bass
tessel lated darter
yellow perch
walleye

sea lamprey
eastern mudminnow
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TABLE 6.1.1(CONT). THE TOTAL CATCH, PER CENT AND ESTIMATED CATCH OF FISHES IMPINGED AT NORTH ANNA POWER STATION, 1978-1983

FAMILY SPECIES 1980 1981
CATCH PERCENT ESTIMATE CATCH PERCENT ESTIMATE
ANGUILLIDAE ANGUILLA ROSTRATA 6 0.0 23.5 3 0.0 12.1
APHREDODER | DAE APHREDODERUS SAYANUS . . . . . .
CATOSTOMIDAE CATOSTOMUS COMMERSONI . . . . .
ERIMYZON OBLONGUS . . : . . . .
CENTRARCH I DAE ACANTHARCHUS POMOTIS 6 0.0 24.1 3 0.0 12.0
LEPOMIS AURITUS 12 0.0 L6.6 5 0.0 19.9
LEPOMIS GiBBOSUS 31 0.1 119.2 12 0.0 48.0
LEPOMIS GULOSUS 9 0.0 35.6 12 0.0 47.6
LEPOMIS MACROCHIRUS 2u60 8.7 9638.2 3839 12.1 15321.0
LEPOMIS MICROLOPHUS . . . 1 0.0 4.0
MICROPTERUS SALMOIDES 30 0.1 117.6 1L 0.0 56.0
POMOX{S NIGROMACULATUS 9361 33.1 36773.9 1733 24,3 31154.6
CLUPEIDAE ALOSA AESTIVALIS 5 0.0 19.2 14 0.0 56.0
DOROSOMA CEPEDIANUM 6808 241 27031.0 16474 51.9 66491.6
DOROSOMA PETENENSE . . . . . .
CYPRINIDAE EXOGLOSSUM MAXILLINGUA . . . 1 0.0 4.0
NOTEMIGONUS CRYSOLEUCAS 16 0.1 63.5 24 0.1 96.4
NOTROPIS ANALOSTANUS . . . 3 0.0 12.0
NOTROPIS CORNUTUS 1 0.0 4.0
PHOXINUS OREAS . . . . . .
PIMEPHALES NOTATUS . . . 2 0.0 8.2
CYPRINODONT I DAE FUNDULUS HETEROCLITUS . . . . . .
ESOC | DAE ESOX NIGER 1 0.0 3.9 1 0.0 4.1
ICTALURIDAE ICTALURUS CATUS . . . . . .
ICTALURUS NATALIS 1 0.0 L.1 . . .
ICTALURUS NEBULOSUS L6 0.2 186.0 87 0.3 346.1
ICTALURUS PUNCTATUS 7 0.0 27.2 3 0.0 12.1
PERCICHTHY | DAE MORONE AMER | CANA 174 0.6 679.9 613 1.9 2445 .9
MORONE SAXATILIS 139 2.6 2846.9 1110 3.5 4ug2.5
PERC{DAE ETHEOSTOMA OLMSTEDI 1 0.0 3.9 1 0.0 4.0
PERCA FLAVESCENS 8573 30.3 33674.7 1812 5.7 7385.4
STIZOSTEDION VITREUM . . . . .
PETROMYZONT | DAE PETROMYZON MARINUS 1 0.0 3.9 . . R
UMBR | DAE UMBRA PYGMAEA . . . . . .
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS,) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983, VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD, ABBREVIATIONS ARE:
DC - DOROSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOM!S MACROCHIRUS,

MA - MORONE AMERICANA, OT ~ OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE bDCT DCW PNT PNW PFT PFW LMAT LMAW MAT MAW oTT oTwW TFISH TWT
780411 156 3999.7 98 2893.0 1468 8160.3 3 164.6 0 0.0 11 571.3 1736 15788.9
780413 52 1271.5 49 1607.0 93 899.8 3 205.5 0 0.0 5 44.0 202 4027.8
780418 18 581.4 18 823.7 17 400.7 1 130.4 0 0.0 2 105.7 56 2041.9
780420 23 621.1 12 529.5 9 96.2 5 301.8 0 0.0 0 0.0 L9 1548.6
780425 35 954.3 10 235.7 15 126.3 3 224.5 0 0.0 3 129.8 66 1670.6
780427 55 1465.6 25 548.9 15 180.0 3 180.6 0 0.0 4 220.1 102 2595.2
780502 11 507.6 22 613.2 18 400.5 ) 152.2 0 0.0 4 32.5 59 1706.0
780509 13 529.6 27 997.0 130 907.6 8 403.0 0 0.0 1 78.1 179 2915.3
780511 15 627.1 33 1097.7 11 152.6 2 - 13.0 0 0.0 7 594.2 68 2484 .6
780516 7 272.1 65 2760. 4 5 106.9 3 4y, 9 0 0.0 15 1679.5 95 h863.8
780518 15 685.2 60 3562.1 2 1.6 7 349.0 0 0.0 7 84,7 9 5422.6
780523 6 234.7 112 6719.3 12 265.0 2 182.1 0 0.0 12 1305.5 144 8706.6
780525 2 136.1 58 3266.0 3 102.3 L 151.9 0 0.0 L 372.0 71 4028.3
780601 2 99.1 61 2691.3 9 64.3 4 274.8 0 0.0 17 2178.1 93 5307.6
780606 3 130.0 20 817.2 2 214.6 2 141.3 1 16.3 9 1745.3 37 3064.7
780608 3 200.6 25 1065.9 1 5.5 9 557.0 0 0.0 1 724.7 L5 2553.7
780613 0 0.0 1 789.3 o 0.0 4 227.2 0 0.0 5 377.3 20 1393.8
780615 0 0.0 6 296.7 3 140.9 4 287.5 0 0.0 18 1942, 2 31 2667.3
780620 1 58.9 10 517.7 3 90.0 . 0 0.0 0 0.0 9 807.1 23 wm73.7
780622 0 0.0 12 503.1 0 0.0 1 12.0 0 0.0 4 465.6 17 980.7
780627 3 1.7 4 242.6 1 0.6 0 0.0 0 0.0 7 430.1 15 675.0

- 780704 25 29.4 8 287.5 2 2.2 5 249.5 0 0.0 1 123.1 L3 691.7
780706 11 22.2 2 155.5 0 0.0 2 148.8 0 0.0 2 191.3 17 517.8
780711 9 160.3 7 309.0 0 0.0 1 54.4 0 0.0 2 97.3 19 621.0
780713 5 7.0 5 351.8 0 0.0 2 81.4 0 0.0 1 106.8 13 547.0
780718 0 0.0 9 432.3 0 0.0 2 3.1 1 2.9 1 59.2 13 637.5
780720 0 0.0 19 154.3 0 0.0 0 0.0 0 0.0 4 223.6 23 377.9
780725 10 43.3 39 391.3 0 0.0 5 281.7 1 2.3 6 12.0 61 730.6
780801 6 L6.4 1M 304.8 0 0.0 1 81.5 0 0.0 0 0.0 18 432.7
780803 1 44,3 4 138.9 0 0.0 1 96.4 1 52.8 2 123.2 9 455.6
780808 1 53.5 7 538.4 0 0.0 3 263.0 1 72.7 1 109.1 13 1036.7
780810 1 60.0 7 503.3 0 0.0 1 76.5 0 0.0 1 85.2 10 725.0
780815 3 13.2 5 233.3 1 25.4 5 101.5 0 0.0 0 0.0 14 373.4
780817 2 135.7 16 222.2 0 0.0 9 15.1 0 0.0 3 456.5 30 829.5
780822 0 0.0 57 586.9 0 0.0 6 .7 1 4.8 6 303.4 70 899.8
780823 0 0.0 6 16.6 0 0.0 1 98.0 0 0.0 0 0.0 7 114.6
780829 1 15.1 3 141.9 0 0.0 L 176.5 1 161.9 3 196.9 12 692.3
780831 1 7.8 8 521.2 0 0.0 5 297.6 0 0.0 8 763.6 22 1590.2
780905 0 0.0 9 513.0 0 0.0 5 229.1 0 0.0 6 601.6 20 1343.7
780907 0 0.0 5 103.2 0 0.0 4 168.6 0 0.0 1 103.5 10 375.3
780912 0 0.0 5 311.9 0 0.0 1 2.3 0 0.0 2 83.5 8 397.7
780914 0 0.0 8 169.5 0 0.0 10 83.8 0 0.0 6 413.7 24 667.0
780919 0 0.0 20 371.4 0 0.0 L 259.8 0 0.0 5 363.4 29 . 994.6
780926 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 . 0
780928 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 . 0 .
781004 0 0.0 55 1283.6 0 0.0 3 96.4 0 0.0 1 4.1 59 1384.1
781006 0 0.0 43 625.6 0 0.0 0 0.0 0 0.0 7 174. 4 50 800.0
781010 0 0.0 28 623.5 0 0.0 1 19.4 0 0.0 0 0.0 29 642.9
781012 0 0.0 90 1595.9 0 0.0 0 0.0 1 48.0 1 4.5 92 1648.4
781017 (¢ 0.0 48 944 .1 0 0.0 5 341.5 0 0.0 0 0.0 53 1285.6
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TABLE 6.1.2, THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983, VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:

DC - DOROSOMA CEPEDIANUM,

DATE

781024
781026
781031
781102
781108
781110
781114
781120
781122
781128
781130
781205
781207
781212
781219
781221
781227
781229
790103
790105
790109
790116
790118
7907124
790126
790130
790201
790206
790214
790216
790221
790223
790227
790301
790306
790313
790315
790320
790323
790327
790329
790403
790410
790412
790417
790419
790424
790426
790501
790508

O = ATt O b e ) = b N WP

DCwW

16.7
69.4
46.8
78.9
13.5
72.3
15.7
10.9

0.0
66.3
43.9
83.4
103.0
91.0
476.3
383.5
1005.8
798.3
934.9
1718.1
1888.0
4019.9
6637.1
4009.0
10066.7
7752.5
52867.7
73290.0
1902.6
5703.4
85317.3
77795.3
11597.9
174682.1
192249 .1
132363.7
121253.1
119755.6
91212.4
30645.4
20946. 4
10203.7
2827.0
3637.2
2371.5
1943.0
735.9
1076.6
452.8
206.6

PNW

836.9
848.6
1011.3
1387.1
2294. 4
1811.4
3550.0
2755.1
117.6
3721.2
2295.1
3930.7
1181.2
1304.9
1716.1
1514, 1
4203.3
1225.0
2749.7
1355.6
1156.8
1349.3
3905.8
3757.4
1818.0
1931.6
3445.0
3463.3
0.0
908.7
1999.7
1489.1
10758.3
20920.0
53326.1
25021.7
77367.5
26187.9
19166.0
25279.2
45104.8
10004.4
1431.6
5470.6
2552.5
2335.0
1885.6
2040.2
1603.9
1926.1

PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCH |RUS,
MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.
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988.5
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
DC - DOROSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMI!S MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W -~ WEIGHT,

DATE DCT DCW PNT PNW PFT PFW LMAT LMAW MAT MAW oTT oTwW TFISH TWT
790510 ) 4y.8 64 1658.8 8 170.5 9 205.5 0 0.0 3 333.5 88 2413.1
790515 6 232.4 73 3247.9 3 1114 12 228.8 0 0.0 13 1168.0 107 4988.5
790517 3612 8u4740.9 69 3441.2 61 587.9 1L 755.1 1 86.6 10 814.2 3767 90425.9
790522 4y 977.2 28 1835.2 0 0.0 8 521.4 2 159.7 3 156.5 85 3650.0
790524 11 257.4 25 1763.3 0 0.0 9 392.5 1 70.7 2 156.8 48 2640.7
790529 9 304.6 36 2016.5 1 10.3 32 2400.3 0 0.0 4 372.1 82 5103.8
790605 17 514.9 50 2016.9 30 266.0 8 189.4 0 0.0 3 433.9 108 34211
790607 1 23.4 36 1510.0 2 23.6 12 273.0 0 0.0 1 125.0 52 1955.0
790612 1 20.6 46 1607.8 0 0.0 31 383.0 0 0.0 16 1997.7 94 4009.1
790614 0 0.0 12 481.0 0 0.0 19 206.3 0 0.0 6 710.4 37 1397.7
790619 0 0.0 13 h5.7 0 0.0 5 94.0 0 0.0 8 1020.7 26 1860. 4
790621 0 0.0 2 78.4 0 0.0 8 12.0 0 0.0 L 57.4 1L 147.8
790626 1 69.9 10 595.2 0 0.0 5 9. 0 0.0 4 273.1 20 7.7
790703 0 0.0 10 624.2 1 1.2 6 200.5 0 0.0 2 249.3 19 1075.2
790706 0 0.0 8 628.0 0 0.0 5 87.0 0 0.0 1 111.6 14 826.6
790710 0 0.0 2 174.8 0 0.0 7 502.9 1 1.0 2 220.5 12 899.2
790712 0 0.0 3 167.0 0 0.0 0 0.0 0 0.0 0 0.0 3 167.0
790717 0 0.0 6 235.7 0 0.0 6 615.6 1 164.3 2 85.1 15 1100.7
790718 2 55.0 7 4yl h 1 10.7 1 2.0 0 0.0 3 319.5 4 828.6
790724 2 3.9 3 234.5 3 23.6 3 18.2 0 0.0 0 0.0 1 280.2
790731 0 0.0 6 333.2 0 0.0 5 112.3 2 4.3 1 90.4 L 540.2
790802 (0] 0.0 1 64.1 2 14.9 1 4.1 0 0.0 0 0.0 4 83.1
790807 0 0.0 ) 261.7 0 0.0 7 156.1 4 9.8 2 186.7 17 614.3
790809 0 0.0 3 231.6 0 0.0 1 4.3 7 23.4 2 188.9 13 4ug.2
790814 1 51.0 5 405.6 0 0.0 2 1.7 0 0.0 2 57.0 10 515.3
790816 3 356.2 5 323.1 0 0.0 4 47.8 0 0.0 3 165.1 15 892.2
790821 1 10.1 5 296.1 0 0.0 7 208.0 0 0.0 0 0.0 13 514.2
790828 2 23.6 7 646.5 0 0.0 L 232.1 0 0.0 1 147.3 14 1049.5
790830 0 0.0 7 537.8 0 0.0 3 28.8 1 109.0 3 237.8 L 913.4
790905 0 0.0 3 275.4 0 0.0 2 2.2 2 145.1 1 95.8 8 518.5
790907 0 0.0 9 622.1 0 0.0 7 151.7 0 0.0 1 3.7 17 177.5
790911 1 62.8 8 553.0 0 0.0 b 99.0 6 548.9 0 0.0 19 1263.7
790913 0 0.0 2 173.5 1 120.0 2 6.5 5 563.2 0 0.0 10 863.2
790918 0 0.0 15 6L7.4 1 207.9 5 288.2 8 841.0 0 0.0 29 1984.5
790919 0] 0.0 2 54.0 0 0.0 0 0.0 1 134.0 0 0.0 3 188.0
790925 1 64.5 20 1027.3 0 0.0 12 872.2 13 1062.8 1 2.8 47 3029.6
790927 2 100.0 15 2064.2 2 220.0 20 801.5 15 1511.4 2 56.3 116 4753.4
791002 1 85.4 89 1835.1 0 0.0 17 691.2 20 1747 .1 L 2.4 131 4501.2
791004 1 39.9 156 4348.2 0 0.0 16 421.8 13 1001.2 7 145.9 193 5957.0
791009 0 0.0 34 1156.8 0 0.0 5 95.3 10 819.8 1 55.4 50 2127.3
791011 1 58.7 y2 1610.7 0 0.0 15 387.5 9 794.3 2 53.0 69 2904 .2
791016 3 58.2 109 2578.8 1 82.0 16 654.5 6 382.8 3 76.1 138 3832.4
791023 0 0.0 by 1325.4 0 0.0 2 66.3 5 370.0 3 128.3 54 1890.0
791025 0 0.0 16 397.3 0 0.0 n 204.8 5 277.7 0 0.0 32 879.8
791030 3 121.7 164 3908.5 0 0.0 12 371.1 1 140.6 0 0.0 180 4541.9
791101 b 130.5 3 907.7 0 0.0 5 127.6 3 255.7 2 116.6 45 1538.1
791106 3 87.3 57 1388.5 0 0.0 8 438.8 2 134.2 4 37.4 74 2086.2
791108 5 Lh.6 19 545.6 1 25.1 i 103.5 4 235.1 5 h.7 38 1028.6
791113 5 196.0 12 u84.3 1 2h.8 10 405.6 1 129.7 5 101.9 34 1342.3
791119 2 8.1 115 B77 1 224.3 3 57.4 3 285.8 8 69.3 132 4822.0
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED

AT NORTH ANNA POWER STATION BY SAMPLE DATE,

DC - DOROSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA ~LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE

791121
791127
791129
791204
791206

791211

791218
791220
791227
791229
800103
800105
800108
800115
800117
800122
800124
800129
800131
800205
800212
800214
800220
800222
800226
800228
800305
800311
800313
800318
800320
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800327
800401
800408
800410
8oou15
8oou17
800422
800424
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800506
800508
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800515
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800527
800603
800606
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35.7
55.1
27.6
45.3
205.7
217.6
0.0
227.8
328.3
405.6
408.7
146.5
756.8
1765.2
1465.2
3280.7
2751.9
2925.1
3703.4
2504.0
1226.8
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1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED:
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983. VALUES REPRESENT TOTALS OVER A 24-~HOUR PERIOD. ABBREVIATIONS ARE:
DC - DOROSOMA CEPEDIANUM, PN - POMOX!S NiGROMACULATUS, PF - PERCA FLAVESCNS, LMA -1LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER, THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE
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800619
800624
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED

AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIGD. ABBREVIATIONS ARE:

DC - DOROSOMA CEPEDIANUM, PN -~ POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCHIRUS,
MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT,

DATE DCT DCW PNT PNW PFT PFW  LMAT LMAW  MAT MAW  OTT OTW  TFISH
801223 77 3506.7 39 2233.0 0 0.0 12 233.9 2 62.7 39 421.6 169
801227 166 6284.5 37 2358.3 1 29.9 17 315.5 1 95.6 51 512.8 273
801230 72 4010.3 6 iy y 0 0.0 8 195.8 6 169.4 34 365.5 126
810106 96 5683.8 13 814.1 0 0.0 6 150.5 0 0.0 16 195.3 131
810108 713 43263.1 12 796.7 0 0.0 6 285.9 1 9.0 24 1876.9 756
810114 1358 80696.2 25 1463.6 0 0.0 3 158.8 1 6.6 12 150.8 1399
810116 92 6067.9 4 202.5 0 0.0 2 52.1 0 0.0 4 37.1 102
810120 55 3247.8 8 427.2 2 203.1 4 70.5 0 0.0 L 57.1 73
810122 119 8370.2 11 656.2 0 0.0 6 160.4 0 0.0 8 376.3 44
810127 140 9251.2 61 3807.1 0 0.0 8 183.9 0 0.0 38 323.6 247
810203 199 13519.6 28 1581. 4 2 65.0 6 134.5 0 0.0 37 383.2 272
810205 460 30813.0 30 1681.3 3 201.3 5 52.7 0 0.0 19 183.2 517
810210 515 32495. 4 65 3501.7 0 0.0 L 47.6 1 32.0 15 176.4 600
810212 541 35253.9 36 2282.8 0 0.0 12 240.5 1 39.2 33 401.0 623
810218 456 29231.6 88 4558.3 36 10411 19 385.1 0 0.0 16 147.2 615
810220 124 7920.2 209 12226.0 150 4702.2 1 269.9 0 0.0 44 490.2 538
810224 76 5492.6 234 13341.9 448 11839.0 35 868.2 3 256.1 40 479.5 836
810303 119 7560.9 348 19302.4 242 5678.2 17 367.6 0 0.0 36 385.2 162
810305 122 7515.7 143 8025.0 27 5842.4 1L 259.0 1 6.0 37 350.0 588
810310 173 11635.5 128 6908.0 96 2266.8 10 198.1 0 0.0 13 143.9 420
810312 483 29976.6 164 8664.2 Thl 3185.6 8 190. 4 0 0.0 15 165.7 814
810317 586 39204.9 513  27665.2 62 1514.0 20 358.1 0 0.0 19 248.4 1200
810319 1662 105209.5 359 19054.0 24 553.8 2 70. 4 2 127.5 24 341.6 2073
810324 693 45320.2 161 7628.6 40 992.7 10 208.6 1 47.7 21 240.3 926
810331 500 28999.2 425  23766.2 82 1348.3 6 149.0 1 6.2 34 339.0 1048
810402 623 33953.2 338 17893.1 89 1198.0 15 213.0 1 11,7 27 576.1 1093
810407 1642 85724.4 232 8760.8 49 557.6 23 151.8 1 170.1 14 394.0 1967
810409 1198 56745. 4 103 4452.9 21 148.9 8 Sh. 4 i 223.6 7 85.5 1351
810414 1493 70105. 4 69 2733.8 1 103.7 73 309.7 32 838.2 10 149, 1688
810416 496 26592.7 59 2141.1 5 55.2 77 300.7 17 304,2 5 402.0 659
810421 128 6527.1 27 635.1 8 109. 4 103 430.9 18 408.2 2 1026.6 286
810428 Sl 2641.1 11 1794.1 3 55.8 45 160.7 16 425.9 4 3957.9 163
810430 27 1532.8 32 1717.4 0 0.0 8h 353.5 6 189.1 6 279.4 155
810505 14 696.9 20 674.7 0 0.0 21 78.8 3 128.0 8 8u3.2 66
810507 1 468.0 21 1148. 1 1 69.5 L2 256.4 6 207.1 10 586.3 91
810512 2 158.0 2y 1797.4 0 0.0 46 309.4 4 93.4 L 2024.9 80
810514 0 0.0 22 1511. 4 0 0.0 38 212.5 1 62.0 3 175.5 64
810519 5 338.9 49 2953.2 1 41.9 Th 554.5 5 234 .4 4 3447 138
810526 2 93.0 54 3585.2 1 23.6 4o 885.1 3 107.7 2 119.8 102
810529 2 75.6 70 4816.3 1 10. 4 25 b4h6.5 0 0.0 6 504.5 104
810602 3 103.2 25 1659.3 0 0.0 51 1130.7 2 90.1 3 298.1 84
810604 2 14,7 1L 1046.5 0 0.0 58 584.7 1 10.0 i 189.5 79
810609 0 0.0 7 537.7 0 0.0 156 1122.9 2 1.7 0 0.0 165
810611 1 29.4 13 1087.5 0 0.0 160 991.4 1 36.6 2 129.3 177
810616 1 43.3 41 3746.0 0 0.0 80 1090.2 7 333.9 3 2171.4 132
810623 3 156.2 6 540.0 0 0.0 16 h23.7 8 425.5 0 0.0 33
810625 1 50.4 10 720.7 0 0.0 10 215.0 5 312.3 2 2.1 28
810630 1 59.4 12 943.1 0 0.0 7 253.2 7 Lu7.3 1 7h.3 28
810702 1 37.1 20 40 4 0 0.0 13 316.6 10 567.5 6 518.9 50
810707 4 39.9 37 2677.0 0 0.0 25 371.8 16 923. 3 161.8 85

TWT

6457.9
9596.6
5155.4
6843.7
46231.6
82476.0
6359.6
4005.7
9563.1
13565.8
15683.7
32931.5
36253.1
38217.4
35363.3
25608.5
32277.3
33294.3
21998.1
21152.3
42182.5
68990.6
125356.8
54438.1
54607.9
53845.1
95758.7
61710.7
74240.1
29795.9
9137.3
9035.5
4072.2
2421.6
2735.4
4383.1
1961.4
4y67.6
L4814. 4
5853.3

3281.4°

1945. 4
1802.3
2274.2
7384.8
1545. 4
1300.5
1777.3
2880.5
R173.5
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES 1MPINGED

AT NORTH ANNA POWER STATION BY SAMPLE DATE,
DC - DOROSOMA CEPEDIANUM,

DATE

810709
810714
810721
810723
810728
810730
810804
810806
810811
810818
810820
810825
810827
810901
810903
810910
810916
810918
810922
810924
810929
© 811001
811006
811014
811016
811020
811022
811027
811029
811103
811109
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811117
811119
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820112
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535.8

1508.8
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276.1
212.3
246.5
68.3
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386.8
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329.8
291.1
477.9
244,
328.2
175.1
240.1
343.3
153.4
194.7
186.6
353.4
11,2
180.8
158.2
261.6
78.6
0.0
335.3
373.8
4yo.2
403.7
y27.7
816.4
906.7
301.7
740.6
1117.4
553.3
541.4
984. 4
1466.1
900.5
653.9
1385.9
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285.4
549.0
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1152.1
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115.5
222.3
309.2
205.7
70.3
95.8
534.9
S54.4
177.9

301
209
459

1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
PN - POMOX!S NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCHIRUS,
MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

TWT

2819,8
4776.4
2169.5
1756.4
2757.6
2714.7
2399.6
2752.4
2381.1
2760.1
5464 .4
4519.0
3145.7
3529.8
2807.4
4269.7
2043.3
1374.5
7235.6
3329.4
3849.5
5074.3
6754.7
6462.7
7907.3
17902.5
8649.3
18917.3
17417.5
6142.5

- 12689.5

6871.1
6u82.1
6174.0
6170.8
6564.4
4333.1
5936.4
6295.0
7956.3
9169.0
4797.1
9630.6
8849.6
7829.3
6439.0
Su77.7
14392.5
10915.0
22305.5
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DATE

820126
820127
820202
820204
820209
820211
820217
820219
820223
820302
820304
820309
820311
820316
820318
820323
820330
820401
820406
820408
820414
820416
820420
820427
820429
820504
820506
820511
820513
820518

820525

820527
820602
820604
820608
820610
820615
820622
820624
820629
820701
820707
820709
820713
820720
820722
820727
820729
820803
820805

TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) CF INDIVIDUALS FOR SELECTED F1SH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:

AT NORTH ANNA POWER STATION BY SAMPLE DATE,

DC - DOROSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOM!S MACROCHIRUS,
MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.
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TFISH
276

TWT

16927.8
1938.2
2u468.9
52092.1
16049. 1
26335.8
11548.6
31009.6
31827.7
36578.9
5.0
31680.3
20816.0

"2h043.2

21192. 4
33748.7
23767.17
20184.3
20152.6
15742.1
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3270.5
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997.8
735.0
1009.9
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593.1
288.5
209.7
702.5
346.9
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293.6
436.6
177.3
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS,) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED

AT NORTH ANNA POWER STATION BY SAMPLE DATE,

DC ~ DOROSOMA CEPEDIANUM,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE

820812
820817
820819
820824
820826
820831
820902
820909
820914
820916
820921
820923
820928
820930
821007
821012
821014
821019
821021
821026
821028
821104
821109
821113
821116
821118
821122
821124
821202
821207
821209
821214
821216
821221
821223
821228
830104
830106
830111
830113
830118
830120
830125
830201
830203
830208
830210
830215
830217
830223
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8 24,7
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20 36.2
6 75.5
0 0.0
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6 66.0
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1978- 1983. VALUES REPRESENT TOTALS OVER A 2u4-HOUR PERIOD, ABBREVIATIONS ARE:

TWT

222.7
245.3
124.2
138.2
207.1
55.6
215.7
131.0
24,7
139.9
51.2
86.7
426.4

164.8
49.3
331.

156.2
294 .1

2050.5
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES {MPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
DC - DOROSOMA CEPEDIANUM, PN - POMOX!S NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA ~LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE DCT DCw PNT PNW PFT PFW LMAT LMAW MAT MAW oTT OTW TFISH

830301 2 71.0 L 573.8 31 832.0 3 120.3 T 378.6 6 53.8 63 - 2029,

830303 6 263.4 12 519.9 70 1893.2 1 10.3 9 401.3 7 60.4 105 3148

830308 3 88.9 39 1863.2 76 1416.3 13 208.6 3 116.9 11 101.6 5 3795.

830310 3 Ly, y 23 1272.9 58 1312.6 2 26.0 3 157.6 7 126.2 96 2939.7
830315 4 103.0 b2 2112.2 40 797.0 4 53.4 7 256.5 i1 357.7 111 3679.8
830317 2 33.0 33 1667.6 26 575.3 2 18.7 - 6 331.9 9 67.7 78 2694.2
830321 18 403.8 69 3407.9 102 1373.6 8 212.8 13 437.5 16 362.3 226 6197.9
830329 103 1405.6 108 5500.5 10 202.4 L 106.9 17 673.2 7 53.8 249 7942. 4
830331 82 1642.1 106 4756.5 15 254.1 0 0.0 16 666.6 8 294.0 227 7613.3
830405 35 539.1 42 1854.1 8 180.3 2 17.3 5 171.7 11 198.0 103 2960.5
830407 33 555.1 29 1335.6 7 116.2 6 85.5 9 273.5 4 228.1 88 2594.0
830412 46 1099.0 43 2083.3 4 128.9 2 56.2 n 504.9 2 20.2 108 3892.5
830414 31 709.5 L6 1898.5 4 83.4 4 40.4 11 456. 4 3 141.0 99 3329.2
830419 50 mou4.2 143 6998.2 34 707.5 8 25.4 21 829.7 10 252.7 266 9857.7
830426 72 1399.5 556 26666.4 161 2265.1 7 27.0 55 2306.6 6 45.8 857 32710.4
830428 125 2168.5 448 21079.6 215 2422.5 10 129.7 69 2315.4 th 120. 4 881 28236.1
830503 1 4.3 111 4056.0 5 82.1 13 42,6 64 . 1714.5 16 2n .2 210 6240.7
830505 10 299.5 89 3391.3 7 168.9 8 67.6 46 1326.9 5 71.8 165 5326.0
830510 4 131.5 20 747.5 0 0.0 9 34.5 30 1226. 1 0 0.0 63 2139.6
830512 1 81.7 9 397.9 1 4.1 2 4.0 7 374.6 3 161.2 23 1033.5
830517 1 18.9 28 1418.8 0 0.0 15 70.6 10 437.0 2 10.7 56 1956.0
830524 0 0.0 55 3364.1 0 0.0 7 151.7 13 670.2 2 173.7 77 4359.7
830526 0 0.0 38 - 2302.8 0 0.0 5 121.2 8 387.7 2 126.2 53 2937.9
830601 0 0.0 35 2379.8 0 0.0 6 L4o4.0 7 279.7 4 395.1 52 3458.6
830603 1 144.0 17 1221.6 0 0.0 3 88.5 7 373.5 6 631.7 34 2459.3
830607 0 0.0 18 1308.0 0 0.0 b 177. 4 3 94.5 1 6.0 26 1585.9
830609 1 75.2 12 814.9 0 0.0 5 316.8 7 327.7 3 377.2 28 1911

830614 0 0.0 10 695.0 0 0.0 5 125.2 6 230.6 5 736.8 26 1787.6
830621 0 0.0 2 194.8 0 -0.0 9 130.5 8 332.2 6 685.1 25 1342.6
830623 0 0.0 3 245.7 0 0.0 16 342.7 10 687.6 4 744 .4 33 2020.4
830628 1 115.9 1 64.3 0 0.0 12 172.2 3 262.0 0 0.0 17 614.4
830630 1 54.9 1 77.0 0 0.0 T 1744 6 293.1 0 0.0 15 599.4
830706 1 2.0 2 178.6 0 0.0 4 28.5 5 401.1 3 4.5 15 614.7
830708 3 4.1 3 175.3 0 0.0 11 180.7 9 553.5 5 9.1 31 922.7
830712 0 0.0 2 181.6 0 0.0 7 107.2 12 667.8 1 1.4 22 958.0
830719 0 0.0 1 39.9 0 0.0 6 252.7 5 226.0 3 18.7 15 597.3
830721 1 52.6 1 86.5 1 1.3 15 68.1 6 345.0 1 133.9 25 687.4
830726 1 86.8 3 192.7 0 0.0 32 227.7 11 620.0 1 1.6 48 1128.8
830728 3 5.6 5 409.5 3 4.1 20 32.4 12 641, 1 1 7.3 Ly 1100.0
830802 1 16.0 3 327.8 0 0.0 5 8.4 ) 169.9 1 79.6 L 601.7
830804 2 25.0 2 63.3 1 1.3 28 257.1 18 797.0 0 0.0 51 1143.7
830811 5 124 .1 13 8u8.7 0 0.0 99 235.0 17 746.7 1 6.7 135 1961.2
830816 L 101.4 9 606.5 0 0.0 50 117.1 13 474.6 0 0.0 76 1299.6
830818 0 0.0 10 872.7 0 0.0 21 140.5 12 543.6 0 0.0 43 1556.8
830823 L 246.5 5 263.6 0 0.0 17 182.2 10 456.3 1 1.3 37 1149.9
830825 1 14.6 9 L4u6.4 0 0.0 36 172.3 3 96.7 0 0.0 49 730.0
830830 7 112.8 7 468.3 0 0.0 3 18.9 12 435.5 1 0.3 30 1049.8
830901 1 1.5 7 605.3 0 0.0 29 79.2 9 488.1 17 183.1 63 1357.2
830908 80 968.0 7 389.6 0 0.0 24 50.6 11 535.0 0 0.0 122 1943.2
830913 1 0.6 8 660.4 0, 0.0 k5 195.1 1 402.1 52 788.9 117 2047.1
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DATE

830915
830920
830922
830927
830929
831006
831007
831011
831013
831019
831021
831025
831027
831103
831108
831110
831115
831117
831121
831123
831201
831206
831208
831213
831215
831220
831222
TOTAL

TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS.) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES [MPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983. VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
DC - DOROSOMA CEPEDIANUM, PN - POMOX!S NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DCT DCW PNT PNW PFT PFW LMAT LMAW MAT
1 2.0 18 1176.8 0 0.0 81 245.7 15

1 9.6 19 932.0 0 0.0 82 124.8 11

2 5.9 18 716.9 0 0.0 64 114.9 9

6 15.5 25 1209.5 0 0.0 52 207.0 7

8 4.8 34 1949.8 0 0.0 48 109.1 12

6 6.2 8 4h1.8 1 .4 17 35.5 4

1 5.6 3 184.6 0 6.0 4 37.0 0

1 1.5 10 804.8 0 0.0 31 85.8 5
4 75.1 17 1740 . 4 0 0.0 23 48.6 8
2 4.1 20 1198.7 0 0.0 17 82.9 11

2 3.3 33 1943.2 0 0.0 L6 105.5 14
2 4.7 27 1531.6 0 0.0 b2 264.2 15

6 12.5 32 2367.4 0 0.0 15 110.8 3

9 2.2 25 1297.2 0 0.0 25 79.6 11
16 39.1 19 1285.1 0 0.0 34 58.9 9
6 1.4 15 904.2 0 0.0 24 341.1 8
94 1044.9 11 563.1 0 0.0 6 17.7 10
12 22.8 16 787.2 0 0.0 11 31.0 15
27 46.9 3 124.9 0 0.0 42 100.5 27
1L 18.9 b 161.2 0 0.0 17 31.7 19
80 128.8 4 155.4 1 16.7 8 22.4 8
108 191.6 5 172.0 0 0.0 3 8.6 27
84 161.4 9 429.0 0 0.0 8 .7 13
119 229.1 15 623.6 0 0.0 4 8.2 17
70 152.1 17 755.1 1 20.5 9 30.2 18
32 62.2 1 by, 7 0 0.0 7 25.7 2
20 40.2 3 111.2 0 0.0 2 15.3 8
640 1211.7 38054 1844657 38194 672065.7 9504 108377.5 3421

MAW

572
357
418
384
419
225
0
196
518
7
457
601
102
391
334
337
391
434
849
658
386
1038
570
797
649
62
34y
153883

oTT

537
1

1
"

12

57
172
152464

oTW

5628.7
2.4
262.7
366.7
83.9
98.8
1.6
126.2
1.4
268.5
375.7
550.6
752.14
1106.8
1963.9
778.9
42,0
581.3
3oh.8
420.9
1460.5
3727.8
3199.0
2896.7
3487.4
969.6
2095. 3
2920373

242277

TWT

7624.8
1426.3
1518.9
2182.8
2577.0
8221
228.8
1214.7
2383.8
1971.0
2884 . 4
2952.2
3344.8
2899.2
3681.2
2372.7
2058.6
1856.1
1425.8
1291.2
2169.9
5138.3
4374.6
B554.5
5094.7
1164.0
2606.1
5700567.6
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TABLE 6.1.3. ESTIMATED NUMBERS AND WEIGHTS, AVERAGE LENGTH AND AVERAGE WEIGHT FOR SELECTED FISH SPECIES

AND TOTALS FOR OTHER SPECIES IMPINGED DURING 1978-1983 AT NORTH ANNA POWER STATION.

SPECIES

DOROSOMA CEPEDIANUM
LEPOMIS MACROCHIRUS
MORONE AMER | CANA
PERCA FLAVESCENS
POMOX1S NIGROMACULATUS
OTHER

TOTAL

SPECIES

DOROSOMA CEPEDIANUM
LEPOMIS MACROCHIRUS
MORONE AMER|CANA
PERCA FLAVESCENS
POMOX1S NIGROMACULATUS
OTHER

TOTAL '

SPECIES

DOROSOMA CEPEDIANUM
LEPOMIS MACROCHIRUS
MORONE AMER|CANA
PERCA FLAVESCENS
POMOXIS NIGROMACULATUS
OTHER

TOTAL

ESTIMATED
CATCH (X1000)

3.28
0.71%
0.03
7.89
9.12
1.09

22.12

|
| ESTIMATED
ICATCH (X1000)

27.03
9.64
0.68

33.67

36.77
3.53

111.32

|
| ESTIMATED
| CATCH (X1000)

19.59
L.01
5.17

11.78

24.59
1.40

66.55

1978 l
ESTIMATED AVERAGE AVERAGE { ESTIMATED
WEIGHT (KG) LENGTH(MM) WEIGHT (G) |CATCH (X1000)
69.9 127 21 452,95
32.7 127 46 2.46
1.6 127 45 1.22
54.1 97 7 86.39
333.9 133 37 38.35
89.1 174 81 2.16
581.3 132 26 583.53
1980
ESTIMATED  AVERAGE AVERAGE | ESTIMATED
WEIGHT (KG) LENGTH (MM)  WEIGHT (G) [CATCH (X1000)
8u6.4 166 31 66.49
132.3 81 14 15.32
26.5 131 39 2.45
668.7 123 20 7.39
1891.8 166 51 31.15
88.1 110 25 5.23
3653.8 140 33 128.03
1982 |
ESTIMATED  AVERAGE AVERAGE | ESTIMATED
WEIGHT (KG) LENGTH (MM)  WEIGHT (G) [CATCH (X1000)
9214.6 172 u7 17.16
38.6 75 10 5.75
238.4 162 46 4,08
235.7 128 20 3.58
1097.1 170 45 11.02
65.5 12 46 3.99
2589.9 151 39 45.59

WEIGHT (KG)

1979

ESTIMATED AVERAGE

5257.7
90.5
72.0

1450.0

1806.8

134.9

8811.9

1981

LENGTH (MM)

124
114
156
121
151
178

136

ESTIMATED  AVERAGE

WEIGHT (KG) LENGTH (MM)

3771.2

1983

203

70
155
131
176
119

151

ESTIMATED AVERAGE

WEIGHT {KG) LENGTH (MM)

200.7
.36.5
164.9
63.5
556.8
39.5

1061.9

119
62
150
124
170
87

121

AVERAGE
WEIGHT "{G)

AVERAGE
WEIGHT (G)

57
7

AVERAGE
WEIGHT (G)

74



TABLE 6.1.4. MEAN SEASONAL IMPINGEMENT ESTIMATES BY SPECIES, 1978-1983.

SPECIES WINTER SPRING SUMMER FALL TOTAL
ACANTHARCHUS POMOT{S 3.29 6.68 4.00 13.97
ALOSA AESTIVALIS 1.99 3.30 3.33 26.05 34,67
ANGUILLA ROSTRATA 52.23 0.66 0.67 53.56
APHREDODERUS SAYANUS 0.66 0.66
CATOSTOMUS COMMERSONI 0.67 0.67
DOROSOMA CEPED | ANUM 83959.51 9582.85 684,58 3524. 41 97751.34
DOROSOMA PETENENSE 0.66 15.33 449.78 465.77
ERIMYZON OBLONGUS 0.72 0.67 1.39
ESOX NIGER 2.64 0.66 3.30
ETHEOSTOMA OLMSTEDI 0.65 0.66 1.3
EXOGLOSSUM MAXILLINGUA 0.66 0.66
FUNDULUS HETEROCLITUS 1.30 0.66 1.96
ICTALURUS CATUS 0.67 0.67
ICTALURUS NATALIS 2.86 2.86
ICTALURUS NEBULOSUS 37.83 217.00 81.83 11.34 348.00
ICTALURUS PUNCTATUS 5.90 7.35 7.29 1.31 21.84
LEPOMIS AURITUS 0.65 5.40 9.92 5.32 21.30
LEPOMIS G{BBOSUS 3.97 14.00 7.32 22,67 47.97
ILEPOMIS GULOSUS b.57 20.78 5.86 4.13 35.34
LEPOMIS MACROCHIRUS 638.95 1850.60 1599.86 2226.15 6315.56
LEPOM!S MICROLOPHUS 1.96 2.64 0.64 0.67 5.90
MICROPTERUS SALMOIDES 3.32 22.63 31.81 15.90 73.66
MORONE AMER | CANA 6u4L. 05 766.79 370.80 490.05 2271.69
MORONE SAXATILIS 683.03 80.71 5.92 900.87 1670.53
NOTEMIGONUS CRYSOLEUCAS 27.57 31.58 2.00 18.96 80.11
NOTROPIS ANALOSTANUS 2.04 1.33 3.37
NOTROPIS CORNUTUS 1.32 1.32
PERCA FLAVESCENS 22414 .45 2658. 30 21.75 22.17 25116.67
PETROMYZON MARINUS 3.26 1.98 5.24
PHOXINUS OREAS 0.65 0.65
PIMEPHALES NOTATUS 1.36 1.36
POMOX1S NIGROMACULATUS 11305. 64 5854.07 1431.92 6576.84 25168.4u8
STIZOSTEDION VITREUM 0.65 0.66 1.31
UMBRA PYGMAEA 0.65 0.65
TOTAL 119800 21138.88 4283.50 14301.28 159524
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TABLE 6.1.5. LENGTH-FREQUENCIES AND PERCENT OF DOROSOMA CEPED!ANUM IMPINGED AT NORTH ANNA
THIS TABLE REFLECTS ONLY THOSE FISH ACTUALLY MEASURED.

LENGTHS (T.L.,) ARE IN MM,

LENGTH

0
50
100
150
. 200
GE250
TOTAL

TABLE 6.1.6.

1978

18
93
333
122
L9

0
615

LENGTH-FREQUENCIES AND PERCENT OF POMOX1S NiGROMACUATUS IMPINGED AT NORTH

2.
15.
54,
19.

8.

0.

LENGTHS (T.L.) ARE IN MM,

LENGTH

TABLE 6.1.7. LENGTH-FREQUENCIES AND PERCENT OF PERCA FLAVESCENS

1978

20
564
568
428
226

3
1809

LENGTHS (T.L.) ARE

LENGTH

0

50
100
150
_200
GE250
TOTAL

1978

7
186
61
20
2

L
280

31.
31.
23.
12.

IN MM,

N Oy
O~

o
N I8N -

%

OO~ =0

1979

1

93
3027
95
171
11
3398

co
owmnNnwoNe
WO~ O

%

1980

0
230
862
350

1015
32
2489

%

3.
14,
4o.

W =ANNO

1981

1

57
168
7
2214
82
3293

onN
N~NwWw\InN=0O

%

VINE ==~ O

1982

0

8h
665
704
461
105
2019

THIS TABLE REFLECTS ONLY THOSE FISH ACTUALLY MEASURED.

%

1979

0
743
952

1432
591
2
3720

0.0
20.0
.6

5

9

1

25

38.
15.

%

1980

3
381
744

2117
7n

2

4018

%

18.
52.
19.

(=R \VENAG RS B

1981

1
213
140

2865
508

1
3728

IMPINGED AT NORTH ANNA

-]
OWALWUIO

OOV ~NO

%

1982

1

33
144
2113
131
0
2y22

THIS TABLE REFLECTS ONLY THOSE FISH ACTUALLY MEASURED.

%

E~N=0\0

1979

1
557
730
245

53
19
1605

- N
~- WO
NWWUOI~ =

%

1980

1
246
783
03

3

1

1177

%

0.1
20.9
66.5
12.1

0.3

0.1

1981

1
127
705
113

5

1
952

— )
CO—=EFTWwWO
“d \ I\ = (0 =

%

1982

0
154
749
134

3

0

1040

POWER STATION,

% 1983 %
0.0 2 0.1
4.2 698 41.0

32.9 761 by, 7
34.9 76 4.5
22.8 153 9.0
5.2 1 0.8
1704
ANNA POWER STATION,

% 1983 %
0.0 1 0.1
1.4 22 1.3
5.9 129 7.9

87.2 1334 81.7
5.4 a4y 8.8
0.0 2, 0.1

1632

POWER STATION,

% 1983 %
0.0 0 0.0
14.8 109 19.1

72.0 370 64.7

12.9 92 16.1

0.3 0 0.0

0.0 1 0.2
572

1978-1983.

TOTAL

22
1255
5816
2118
4063

24y
13518

1978-1983.

TOTAL

26
1956
2677

10289
2371
10
17329

1978-1983.

TOTAL

10
1379
3398

47

LL



TABLE 6.1.8. LENGTH-FREQUENCIES AND PERCENT OF LEPOMIS MACROCHIRUS IMPINGED AT NORTH ANNA POWER STATION, 1978-1983.
LENGTHS (T.L.) ARE IN MM. THIS TABLE REFLECTS ONLY THOSE FISH ACTUALLY MEASURED.

LENGTH

TABLE 6.1.9. LENGTH-FREQUENCIES AND PERCENT OF MORONE AMERICANA IMPINGED AT NORTH ANNA

1978

24
23
L8
67
1

0
163

%

-4
-
COhBF o

1979

72
176
180
195

3
o
626

%

11.5
28.1
28.8
31.2
0.5
0.0

1980

403
1094
380
186
3

0
2066

% 1981
19.5 535
53.0 1622
18.4 285

9.0 73

0.1 3

0.0 1

2519

% 1982
21.2 162
o6u.4 641
11.3 172

2.9 29

0.1 1

0.0 0

1005

LENGTHS (T.L.) ARE IN MM. THIS TABLE REFLECTS ONLY THOSE FISH ACTUALLY MEASURED.

LENGTH

0

50
100
150
_200
GE250
TOTAL

1978

RO —=NNWO

%

0.0
37.5
25.0
25.0
12.5

0.0

1979

1
37
85

140
L2

6

in

%

11.
27.
45,
13.

WO WOw

1980

% 1981

0
88
118
357
49

1
613

39.

30.
12.

- VNI et

% 1982
0.0 y
1.4 49
19.2 272
58.2 826
8.0 73
0.2 0
1224

%
16.1
63.8
17.1

2
0.
0

[=R ]

POWER STATION,

NN
CO~NNEO
SOoOVNCWw 3R
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FIGURE 4.1.1 LENGTH-FREQUENCY DIETRIBUTION QF POMOYIS NIGROMACULATUR IMPINCED
AT NORTH ANNA POWER STATION, 1978—1983.
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FIGURE 6.1.2 LENGTH-FREQUENCY DISTRIBUTION OF DOROSOMA CEPEDIANUM IMPINGED
AT NORTH ANNA POWER STATION, 1978-1983. '
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F‘ICURE 6.1.3 LENGTH-FREQUENCY DISTRIBUTION OF PERCA FLAVESCENS IMPINGED
AT NORTH ANNA POWER STATION, 1978-1983.
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FIGURE 6.1.4 LENGTH-FREQUENCY DISTRIBUTION OF LEPOMIS MACROCHIRUS IMPINGED
AT NORTH ANNA POWER STATION, 1978-1983.
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FISH IMPINGE

FIGURE 6.1.5 LENGTH-FREQUENCY DISTRIBUTION OF OTHER

AT NORTH ANNA POWER STATION, 1978-—-1983.
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6.2 Entrainment

A total of 7908 fish larvae were collected in entrainment samples at
North Anna Power Station from 1978-1983 (Table 6.2.1). The most abundant
entrained larvae over all years were gizzard shad (65.7%) followed by white
perch (15.0%), sunfishes, Lepomis spp. (13.3%), yellow perch (4.9%) and black

crappie (1.0%). The channel catfish, Ictalurus punctatus, and largemouth bass,

Micropterus salmoides, were each represented by only a singly collected

individual. Sunfishes are considered 1in this report to represent several
possible species. More sunfish and yellow perch larvae were collected in the
first year (1978) than 1in subsequent years. Gizzard shad, however, were
collected 1in relatively greater numbers in 1979 and 1981. White perch numbers
have generally increased over the study period. Black crappie numbers are
considered too low for any meaningful comparisons. With the exception of 1978,
the changes in total numbers entrained from year to year are generally
reflected in the number of gizzard shad, sunfishes and white perch collected.
The percentage of the total larvae collected represented by gizzard shad has
remained high and stable for each year, whereas the percentage of white perch

has increased each year.

During each entrainment sdrvey, the number of circulating water pumps
(CWP), the sample volume, the water temperature and oxygen content were
recorded (Table 6.2.2). VYellow perch was first to appear in all collecting
years, generally in early April, when water temperatures approached 12°C.
White perch appeared in April when temperatures approached 14°C and peaked 1in

numbers by mid-May. Gizzard shad generally were first collected in late April
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to early May at water temperatures between 14°C and 18°C and peaked in numbers
in mid-May to early June. Sunfishes were the last group to occur in samples
(May-June) and were first collected when water temperatures rose to 19°C. Both

gizzard shad and sunfish were collected in relatively fewer numbers in July.

Samples collected during the 6-hour intervals within a day generally
showed that total numbers and percent vary considerably from 0600 hours to 1800
hours and were highest during the 2400-hour sample (Tables 6.2.3 and 6.2.4).
Over all years and samples the percentage of fish larvae collected during the
midnight sample was 43%. Gizzard shad and white perch collections were
responsible for the higher numbers during the 2400-hour sample. The large
number of Tarvae collected at night is probably a function of diurnal migration
patterns or 1in part by net avoidance (Gasser 1976; Ecological Analysts 1977).
Sunfishes were, on the contrary, generally collected more frequently during

daylight hours and yellow perch numbers fluctuated during sample intervals.

Factors such as turbidity, temperature, larval size and gear type have
been shown to influence distributional patterns (Edwards et al. 1977; Netch et
al. 1971; Tuberville 1977; Leithiser et al. 1979; Cada and Loar 1982). Any
combination of factors could cause a site specificity in Tlarval distribution.
The percent of total larvae collected at each sample depth varied from year to
year and for each species (Table 6.2.5). Sunfishes, yellow perch and black
crappie were collected primarily from surface samples; gizzard shad were
collected primarily from middle and bottom depths; and white perch numbers were
similar at all depths (Table 6.2.6). Over all species and all collection years
the percentage of larvae collected from the surface was 33%, from the mid-depth

(4 m) was 35% and from the bottom (8 m) was 32%.
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No fish eggs were collected during the sample years 1978-1983. Most
species of reproducing fish in Lake Anna produce demersal, adhesive eggs which

significantly reduces potential entrainment (Lippson and Moran 1974).

The gizzard shad entrainment rate (numbers per CWP) has been declining
since 1979 (Figure 6.2.1). There was a substantial increase in entrainment of
this species from 1978 to 1979. The higher number of gizzard shad larvae
collected in 1979 apparently resulted from a successful spawn that year. This
is supported by rotenone data with the increase in standing crop estimates for
adults and juveniles from 109.1 kg/ha in 1979 to 153.7 kg/ha in 1980 (Vepco

1983). Meteorologically, 1979 was similar to other sample years.

Entrainment rates for sunfishes have been constant since 1979 while
white perch numbers have increased each year. The higher collection numbers of
sunfishes in 1978 probably was a result of the initial withdrawal of the
resident sunfish population within the intake cove. Sunfish adults do not
migrate large distances over short time periods within a lake as gizzard shad
or white pérch may. The declining entrainment rate for sunfish may be a result
of Timited adult recruitment for spawning within the intake cove. The increase
in white perch larvae collected from 1978-1983 is supported by increasing fish

standing estimates based upon cove rotenone samples (Vepco 1983, 1984).

To determine the total estimated larvae entrained over time, daily
entrainment estimates were prepared treating depths as strata. Stratum weights
were equal and the finite correction factor was ignored (Cochran 1963). Daily

density values (larvae/1000 m3) were multiplied by the average volume of intake
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water pumped that sample day. Period estimates were computed using daily
estimates and the number of days in each period. Variances for period
estimates were taken as a weighted average of daily variances. Totaling period
estimates by species result in estimates of total larvae entrained by sample
year (Table 6.2.7). Total estimated fish larvae entrained ranged from 8.4 x

7 §n 1982 to 2.5 x 10% in 1981 (Figure 6.2.2). Also during entrainment

10
sampling periods in 1982 only an average of 3.2 circulating water pumps were

operating, whereas an average of 6.4 pumps were operating in 1981.

Out of an estimated total of 8.9 x 108 larvae entrained from
1978-1983, gizzard shad represented 65% (5.8 x 108) of the total. By
comparison, in Lake Sangchris, I1linois, 85% of the total fish entrained at the
Kincaid Generating Station were gizzard shad (Porak and Tranquilli 1981). An

8 shad and 1.7 x 106 sunfishes were entrained there

estimated total of 2.1 x 10
in 1976. The average estimated number entrained at North Anna per year for
gizzard shad was 9.6 x 107, for white perch was 2.3 x 106, for sunfishes was
2.1 x 106, for yellow perch was 6.8 x 105 and for black crappie was 1.7 x 105

(Table 6.2.7).

While the total estimated larvae entrained per year has varied from
1978-1983 (Figure 6.2.2), primarily as a result of fluctuations in adult fish
standing crops and circulating water pump operation, the total number entrained
per pump, or entrainment rate, generally has been declining since 1979 (Figure
6.2.1). Standing crop estimates (kg/ha) in Lake Anna for gizzard shad have
been declining from 1980-1982, with an increase in 1983, while white perch

estimates have steadily increased from year to year (Vepco 1983, 1984).
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Standing crop estimates for yellow perch and crappie have been declining for
the past several years, but standing crop estimates for bluegill, the most

abundant sunfish in Lake Anna, have been constant over the sample years.



TABLE 6.2.1. THE TOTAL CATCH AND PERCENT OF FISH LARVAE ENTRAINED AT NORTH ANNA POWER STATION DURING 1978-1983.

1978
OSTEICHTHYES

CLUPEIDAE - HERRINGS

DOROSOMA CEPEDIANUM - GIZZARD SHAD 514(43.2)
ICTALURIDAE - BULLHEAD CATFISHES

ICTALURUS PUNCTATUS - CHANNEL CATFISH R
PERCICHTHYIDAE - TEMPERATE BASSES

MORONE AMERICANA - WHITE PERCH 3( 0.3)

CENTRARCHIDAE - SUNFISHES
LEPOMIS SPP. - SUNFISH 531(44.6)
MICROPTERUS SALMOIDES - LarGEMOUTH BASS 1( 0.1)
POMOXIS NIGROMACULATUS - BLACK CRAPPIE 12( 1.0)

PERCIDAE - PERCHES
PERCA FLAVESCENS - YELLOW PERCH 130(10.9)

TOTAL 1191

1979

1397(87.9)

N

56& 3.5)

112( 7.0)
00)
6t 0.4)

18t 1.1)

1589

1980

941(73.6)

N S |

91( 7.1)

161(12.6)
0 . )
13t 1.0)

721 5.6)

1278

CATCH (Z) .

1981

1126(64.2)

L )

391(22.3)

117¢ 6.7)
L0.)
16( 0.9)

103( 5.9)

1753

1982

471(51.1)

000

293(31.8)

114€12.4)
o G |
6L 0.7)

37¢ 4.0)

921

1983

733(62.3)

1( 0.1)

361(30.7)

281 2.4)
L000)
29t 2.5)

240 2.0)

1176

TOTAL

5182(65.5)

1( 0.0)

1195(15.1)

1063(13.4)
1€ 0.0)
82( 1.0)

3840 4.9)

7908

68



TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE
VALUES ARE AVERAGES OF SURFACE SAMPLES.

DATE SPECIES CATCH VOLUME AVERAGE  AVERAGE FISH TEMPERATURE D1SSOLVED

(X1000) PUMPS PER CUBIC METER OXYGEN
780411 PERCA FLAVESCENS 7 5193 4.0 20.2 12.4 10.4
780418 PERCA FLAVESCENS 99 5193 4.0 251.9 13.1 10.4
780425 PERCA FLAVESCENS y 9088 7.0 8.4 13.5 9.9
780502 PERCA FLAVESCENS 1 5193 .0 2.6 13.7 10.2
780509 PERCA FLAVESCENS 8 5193 L.0 22.2 15.7 10.2
MORONE AMER{CANA 1 5139 4.0 2.8 15.7 10.2
780516 POMOX1S NIGROMACULATUS 2 7790 6.0 8.5 17.4 9.9
DOROSOMA CEPED | ANUM 1 844 6.0 3.0 17.4 9.9

780520 NO LARVAE . . .
780523 DOROSOMA CEPED!ANUM 54 5193 L.0 189.7 22,2 10.0
PERCA FLAVESCENS 10 5193 4.0 35.8 22,2 10.0
POMOXIS NIGROMACULATUS 5 5193 4.0 19.6 22.2 10.0
780601 DOROSOMA CEPEDIANUM 169 7790 6.0 379.5 25.4 8.9
POMOX|S NIGROMACULATUS ) 7790 6.0 8.7 25.4 8.9
MORONE AMERI|CANA 2 7790 6.0 4.5 25.4 8.9
LEPOMIS SP. 1 7790 6.0 2.0 25.4 8.9
PERCA FLAVESCENS 1 7790 6.0 2.0 25.4 8.9
780606 DOROSOMA CEPED|ANUM 208 ) 7790 6.0 433.5 24.8 8.0
LEPOMIS SP, 33 7790 6.0 73.3 24,8 8.0
MICROPTERUS SALMOIDES 1 1790 6.0 2.5 24.8 8.0
POMOX1S NIGROMACULATUS 1 7790 6.0 1.9 24,8 8.0
780613 LEPOMIS SP. 70 7790 6.0 149.9 2h.9 7.5
DOROSOMA CEPEDIANUM 57 7790 6.0 119.9 24.9 7.5
780620 LEPOMIS SP. 105 5193 4.0 268.2 26.2 8.3
DOROSOMA CEPEDIANUM 9 5193 4.0 19.3 26.2 8.3
780627 LEPOMIS SP, a1 7790 6.0 200.3 27.3 7.9
DOROSOMA CEPEDIANUM 10 7790 6.0 19.4 27.3 7.9
780706 LEPOMIS sP, 63 7790 6.0 156.9 26.0 7.1
DOROSOMA CEPEDIANUM L 7790 6.0 8.2 26.0 7.1
780711 LEPOMIS SP. 108 7790 6.0 256.7 26.7 1.7
780718 LEPOMIS SP. 21 7790 6.0 60.1 27.1 8.0
DOROSOMA CEPEDIANUM 2 7790 6.0 5.0 27.1 8.0

06



TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983., DISSOLVED OXYGEN AND TEMPERATURE

VALUES ARE AVERAGES OF SURFACE SAMPLES.

DATE

780725
790301
790308
790315
790322
790329
790411
790419

790426
790503

790510

790517

790524

790531

790607

790614

790621

SPECIES

LEPOMIS SP.

NO LARVAE

NO LARVAE

NO LARVAE

NO LARVAE

NO LARVAE

PERCA FLAVESCENS

MORONE AMER|CANA
PERCA FLAVESCENS

MORONE AMER1CANA

MORONE AMER!CANA
DOROSOMA CEPEDIANUM
POMOXIS NIGROMACULATUS

DOROSOMA CEPEDIANUM
MORONE AMERI1CANA
POMOX1S NIGROMACULATUS
PERCA FLAVESCENS

DOROSOMA CEPED | ANUM
MORONE AMER|CANA

DOROSOMA CEPEDI|ANUM
MORONE AMER|ICANA

DOROSOMA CEPED!ANUM
MORONE AMERICANA
LEPOMIS SP.

POMOX1S NiIGROMACULATUS

DOROSOMA CEPEDIANUM
LEPOMIS SP,

DOROSOMA CEPEDI|ANUM
LEPOMIS SP.
POMOX1S NIGROMACULATUS

DOROSOMA CEPEDIANUM
LEPOMIS SP.

CATCH

39

16

-

223

199

VOLUME
{X1000)

8763
3895
3895
3895
3895
3895
5193

2597
2597

5193

4674
4652
46Ty

7790
7790
7790
7790

5193
5193

5193
5193

6491
6491
6491
6491

3895
3895

5193
5193
5193

5193
5193

AVERAGE
PUMPS

6.8
3.0
3.0
3.0

w
(=

CO O0O ©O ©OOO0OO0 OO0 ©O CoOO0OOoO oo O OO0 © ©

F£E8 OEFEE W VIV L SE OO WWwWw NN & w

AVERAGE FIiSH TEMPERATURE DISSOLVED

PER CUBIC METER OXYGEN
88.0 29.3 7.8
3.3 1.7
L.9 11.5
. 6.0 11.9
9.7 12.7
. 10.1 11.6
48.5 12.6 11.0
3.5 4.0 10.1
3.5 4.0 10.1
2.9 16.8 10.2
8.5 17.4 10.2
2.4 17.4 10.2
3.2 17.4 10.2
97.6 21.6 9.6
47.1 21.6 9.6
5.9 21.6 9.6
3.3 21.6 9.6
870.7 21.4 8.8
25.8 21.4 8.8
L07.2 21.4 8.5
12.2 21.4 8.5
622.2 22.5 8.8
42.9 22.5 8.8
5.0 22.5 8.8
4.6 22.5 8.8
573.3 24 . 4 8.8
17.1 24.4 8.8
460.1 24 .3 8.5
1571 24,3 8.5
2.9 24.3 8.5
204.0 23.3 8.3
4.9 23.3 8.3

16



TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE
VALUES ARE AVERAGES OF SURFACE SAMPLES. .

® VOV OO0 MN ~N~ NN

DATE SPECIES CATCH VOLUME AVERAGE AVERAGE FISH TEMPERATURE DISSOLVED
(X1000) PUMPS PER CUBIC METER OXYGEN
790628 DOROSOMA CEPEDIJANUM 53 5193 4.0 121.2 23.9 8.
LEPOMIS SP. 7 5193 4.0 18.8 23.9 8.
790705 DOROSOMA CEPEDIANUM 10 5193 4.0 24.6 23.9 7.
LEPOMIS SP. 10 5193 4.0 25.8 ‘ 23.9 7.
790712 DOROSOMA CEPED I ANUM 11 6491 5.0 25.3 27.0 8.
LEPOMIS SP. 8 6491 5.0 19.8 27.0 8.
790719 DOROSOMA CEPEDIANUM 18 5193 4.0 45.6 28.0 8.
LEPOMIS SP, 13 5193 4.0 32.6 28.0 8.
790727 LEPOMIS SP. 7 5193 4.0 17.9 27.6 7.
DOROSOMA CEPED!ANUM 1 5193 4.0 2.4 27.6 7.
800306 NO LARVAL . 6491 5.0 4.1 12,
800313 NO LARVAE . 6491 5.0 . 5.5 12.4
800320 NO LARVAE . 6491 5.0 . 7.7 12.4
800327 NO LARVAE . 3895 3.0 9.4 11.5
800402 NO LARVAE . 3895 3.0 11.0 1.4
800410 PERCA FLAVESCENS L7 3895 3.0 127.7 13.5 10.7
800417 PERCA FLAVESCENS 22 3895 3.0 58.7 13.2 10.0
MORONE AMERICANA 1 3895 3.0 2.3 13.2 10.0
800424 MORONE AMERICANA 5 3895 3.0 17.0 17.0 10.0
PERCA FLAVESCENS 3 3895 3.0 8.0 17.0 10.0
800501 MORONE AMER|CANA 16 6491 5.0 40.2 15.9 9.8
DOROSOMA CEPEDIANUM 4 6491 5.0 10.4 15.9 9.8
800508 DOROSOMA CEPEDIANUM 20 7790 6.0 43.6 19.0 9.3
MORONE AMER!CANA 19 7790 6.0 4o.7 19.0 9.3
POMOX1S NIGROMACULATUS 2 7790 6.0 4.3 19.0 9.3
800515 DOROSOMA CEPED I ANUM 79 7790 6.0 169.7 20.2 9.3
MORONE AMERICANA L 7790 6.0 31.3 20.2 9.3
POMOXIS NIGROMACULATUS L 7790 6.0 9.0 20.2 9.3
800522 DOROSOMA CEPEDI|ANUM 132 7790 6.0 288.8 22.2 9.0
MORONE AMERICANA 19 7790 6.0 41.8 22,2 9.0

26



TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE

VALUES ARE AVERAGES OF SURFACE SAMPLES.

DATE

800529

800605

800612

800619

800626

800702

800710

800717

800724
800731
810305
810312
810319
810326
810402
810409

SPECIES

DOROSOMA CEPEDIANUM
LEPOMIS SP.

MORONE AMER ) CANA
POMOXIS N!GROMACULATUS
DOROSOMA CEPED|ANUM
LEPOMIS sSP.

MORONE AMER I CANA
POMOX1S NIGROMACULATUS
DOROSOMA CEPED|ANUM
LEPOMIS SP.

MORONE AMERICANA
DOROSOMA CEPED!ANUM
LEPOMIS SP,

MORONE AMERICANA

LEPOMIS SP,
DOROSOMA CEPEDIANUM

DOROSOMA CEPEDIANUM
LEPOMIS SP,
POMOX IS NIGROMACULATUS

LEPOMIS SP,
DOROSOMA CEPED | ANUM

DOROSOMA CEPEDIANUM
LEPOMIS SP.

LEPOMIS SP,
LEPOMIS SP.

NO LARVAE

NO LARVAE

NO LARVAE

NO LARVAE

PERCA FLAVESCENS
PERCA FLAVESCENS

CATCH

217
7
7
y

207
L]
7

2

162
34
2

65
7
1

21
18

30
19
1

LS - - B VN VB G N

19
33

VOLUME
(X1000)
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3895
3895
3895
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7790
7790
71790
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9088
9088
9088
9088

9088
9088

9737
9737
9737

10386
10386
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3895
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PUMPS
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TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE
VALUES ARE AVERAGES OF SURFACE SAMPLES,

~Ns I VVWVO ERE PR E OO0 VOO0 0000 S8 N~

DATE SPECIES CATCH VOLUME AVERAGE AVERAGE FISH TEMPERATURE DISSOLVED
(X1000) PUMPS PER CUBIC METER OXYGEN
810415 PERCA FLAVESCENS 50 9088 7.0 101.3 13.9 10.1
MORONE AMERICANA 1 9088 7.0 1.9 13.9 10.1
810423 MORONE AMERICANA 31 9088 7.0 68.4 16.0 9.
PERCA FLAVESCENS 1 9088 7.0 2.3 16.0 9.
810430 MORONE AMERiCANA 63 9088 7.0 41,1 18.0 9.
DOROSOMA CEPEDIANUM 11 9088 7.0 24.3 18.0 9.
810507 MORONE AMERICANA 118 10386 8.0 262.3 18. 4 8.
DOROSOMA CEPEDIANUM 72 10386 8.0 161.0 18.4 8.
POMOX1S NIGROMACULATUS 1 10386 8.0 2.1 18.4 8.
810514 DOROSOMA CEPEDIANUM 165 5193 4.0 419.3 19.7 8.
MORONE AMER{CANA 65 5193 4.0 169.1 19.7 8.
POMOX1S NIGROMACULATUS 1 5193 4.0 2.8 19.7 8.
810521 DOROSOMA CEPEDIANUM 331 2088 7.0 714.0 18.9 8.
MORONE AMERICANA 77 9088 7.0 164.1 18.9 8.
POMOX1S NIGROMACULATUS 3 9088 7.0 7.1 18.9 8.
810528 DOROSOMA CEPEDIANUM 288 10386 8.0 588.3 22.7 8.
MORONE AMERICANA 25 10386 8.0 51.9 22.7 8.
POMOX1S NIGROMACULATUS 1 10386 8.0 2.3 22.7 8.
810604 DOROSOMA CEPED!ANUM 85 9088 7.0 218.3 23.6 8.
MORONE AMER!CANA 6 9088 7.0 16.3 23.6 8.
LEPOMIS SP. 1 9088 7.0 2.7 23.6 8.
810611 DOROSOMA CEPEDIANUM 119 8763 6.8 296.7 26.2 7.
POMOX|S NIGROMACULATUS 6 8828 6.8 15.8 26.2 7.
MORONE AMERICANA 5 8828 6.8 4.2 26.2 7.
LEPOMIS SP. 3 8828 6.8 7.8 26.2 7.
810618 LEPOMIS SP. 55 10386 8.0 .148.3 28.7 7.
DOROSOMA CEPEDIANUM 41 10386 8.0 89.0 28.7 7.
POMOX1S NIGROMACULATUS i 10386 8.0 10.4 28.7 7.
810625 LEPOMIS SP, 5 9088 7.0 28.0 28.6 7.
DOROSOMA CEPEDIANUM 3 9088 7.0 9.2 28.6 7.
810702 LEPOMIS SP. 1 9088 7.0 20.4 26.8 7.1
DOROSOMA CEPED!ANUM L 9088 7.0 6.7 26.8 7.1
810709 LEPOMIS SP, 8 9088 7.0 17.9 28.3 7.6
DOROSOMA CEPED | ANUM 3 9088 7.0 6.0 28.3 7.6
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TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STAT!ON DURING 1978-1983.
VALUES ARE AVERAGES OF SURFACE SAMPLES,

DATE
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TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE

VALUES ARE AVERAGES OF SURFACE SAMPLES.

DATE
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TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE
VALUES ARE AVERAGES OF SURFACE SAMPLES.

~NNNN VO

DATE  SPECIES CATCH VOLUME AVERAGE AVERAGE FISH TEMPERATURE DISSOLVED
(X1000) PUMPS PER CUBIC METER OXYGEN
830421 MORONE AMER | CANA 16 3895 3.0 40.4 12.0 10.2
PERCA FLAVESCENS 2 3895 3.0 5.3 12.0 10.2
830428  MORONE AMER!CANA 39 3895 3.0 105.1 14.3 10.8
830505  MORONE AMERICANA 20 3895 3.0 53.0 18.0 9.
DOROSOMA CEPEDIANUM 6 3895 3.0 15.5 18.0 9.
830512  MORONE AMERICANA 146 - 5193 4.0 423.8 19.8 9.
DOROSOMA CEPEDIANUM 131 : 5193 4.0 397.5 19.8 9.
POMOXIS NIGROMACULATUS 28 5193 4.0 81.4 19.8 9.
LEPOMIS sP, 3 5193 4.0 9.2 19.8 9.
830519 DOROSOMA CEPEDIANUM 55 3895 3.0 T44. 4 18.7 9.1
MORONE AMER I CANA 39 3895 3.0 102.5 18.7 9.1
830526 DOROSOMA CEPEDIANUM 201 9088 7.0 428.1 21.7 8.9
MORONE AMER | CANA 37 9088 7.0 70.8 21.7 8.9
830602 DOROSOMA CEPED | ANUM 89 9088 7.0 181.3 21.9 8.9
MORONE AMER | CANA 8 9088 7.0 15.3 21.9 8.9
LEPOMIS SP, 1 9088 7.0 2,2 21.9 8.9
830609 DOROSOMA CEPEDIANUM L 9088 7.0 180.9 24.0 8.4
MORONE AMER 1CANA 16 9088 7.0 30.8 24.0 8.4
LEPOMIS SP. 1 9088 7.0 2,2 24,0 8.4
830616 DOROSOMA CEPED | ANUM 87 9088 7.0 169.5 27.7 7.7
MORONE AMER |CANA 11 9088 7.0 25.4 27.7 1.7
LEPOMIS SP. 1 9088 7.0 1.4 27.7 7.7
830623 DOROSOMA CEPED | ANUM 42 10386 8.0 78.1 27.3 6.9
MORONE AMERICANA 11 10386 8.0 29.4 27.3 6.9
LEPOMIS SP. 3 10386 8.0 7.5 27.3 6.9
ICTALURUS PUNCTATUS 1 10386 8.0 1.8 27.3 6.9
POMOX1S NIGROMACULATUS 1 10386 8.0 3.0 27.3 6.9
830630 DOROSOMA CEPEDIANUM 20 10386 8.0 39.1 26.8 7.2
MORONE AMER | CANA 5 10386 8.0 10.5 26.8 7.2
830707 LEPOMIS SP. 10 10386 8.0 21.5 27.4 7.6
DOROSOMA CEPED|ANUM L 10386 8.0 6.8 27.4 7.6
MORONE AMER |CANA 1 10386 8.0 2.0 27.4 7.6
830714 LEPOMIS SP. 8 10386 8.0 14.9 29.4 7.9
DOROSOMA CEPEDIANUM L 10386 8.0 5.2 29.4 7.9
MORONE AMER |CANA 2 10386 8.0 3.8 29.4 1.9
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TABLE 6.2.2 LARVAE ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1983. DISSOLVED OXYGEN AND TEMPERATURE
VALUES ARE AVERAGES OF SURFACE SAMPLES.

DATE  SPECIES CATCH . VOLUME AVERAGE  AVERAGE FISH TEMPERATURE DISSOLVED
(X1000) PUMPS PER CUBIC METER OXYGEN

830721 LEPOMIS SP. 1 9088 7.0 2.1 31.0 7.5

MORONE AMER|CANA 1 9088 7.0 3.7 31.0 7.5

830728 NO LARVAE . 10062 7.8 . 28.7 6.6
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TABLE 6.2.3. TOTAL LARVAE COLLECTED BY YEAR AND SAMPLE TIME AT NORTH ANNA POWER STATION ,

YEAR
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TABLE 6.2.4. TOTAL LARVAE COLLECTED BY SPECIES AND SAMPLE TIME AT NORTH ANNA POWER STATION , 1978-1983.

SPECIES
DOROSOMA CEPED!ANUM

S ICTALURUS PUNCTATUS

LEPOMIS SPP.

MICROPTERUS SALMOIDES
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TABLE 6.2.5. TOTAL LARVAE COLLECTED BY SPECIES AND SAMPLE DEPTH AT NORTH ANNA POWER STATION,
1978-1983.

YEAR SPECIES SURFACE PERCENT  MIDDLE PERCENT  BOTTOM PERCENT  TOTAL
78 DOROSOMA CEPED|ANUM 100 19 296 58 118 23 514
LEPOMIS SPP. 403 16 72 L 56 1 531
MICROPTERUS SALMOIDES 1 100 0 0 0 0 1
MORONE AMERJCANA 0 0 3 100 0 0 3

PERCA FLAVESCENS 86 66 20 15 24 18 130

» POMOXIS NIGROMACULATUS 7 58 1 8 4 33 12
TOTAL 597 50 392 33 202 17 1191

79 DOROSOMA CEPED!ANUM 408 29 478 34 511 37 1397
LEPOMIS SPP. 84 75 18 16 10 9 112
MORONE AMER!CANA 16 29 26 46 14 25 56

PERCA FLAVESCENS 15 83 2 1 1 6 18
POMOX|S NiGROMACULATUS 5 83 . 1 17 0 0 6

TOTAL 528 33 525 33 536 34 1589

80 DOROSOMA CEPEDIANUM 111 12 463 49 367 39 I
LEPOMIS SPP. 133 83 13 8 15 9 161
MORONE AMER ICANA 17 19 33 36 41 45 91

PERCA FLAVESCENS 40 56 9 13 23 32 712
POMOXIS NIGROMACULATUS 10 77 2 15 1 8 13

TOTAL 31 24 520 i1 LY} 35 1278

81 DOROSOMA CEPEDIANUM 219 19 473 42 434 39 1126
LEPOMIS SPP. 102 87 6 5 9 8 117
MORONE AMER I CANA 125 32 129 33 137 35 39

PERCA FLAVESCENS h 72 18 17 1 1 103
POMOX{S NIGROMACULATUS 1 88 1 6 1 6 16

TOTAL 534 30 627 36 592 34 1753

82 DOROSOMA CEPEDIANUM 63 13 186 39 222 47 471
LEPOMIS SPP, 92 81 12 11 10 9 114
MORONE AMER |CANA 123 42 87 30 83 28 293

PERCA FLAVESCENS 17 46 8 22 12 32 37
POMOX|S NIGROMACULATUS 5 83 1 17 0 0 6

TOTAL 300 33 294 32 327 36 921

83 DOROSOMA CEPEDIANUM 146 20 276 38 311 42 733
ICTALURUS PUNCTATUS 0 0 0 0 1 100 1
LEPOMIS SPP. 16 57 8 29 4 14 28
MORONE AMER|CANA 154 . k3 105 29 . 102 28 361

PERCA FLAVESCENS 1L 58 3 13 7 29 24
‘POMOX1S NIGROMACULATUS 19 66 10 34 0 0 29
TOTAL 349 30 402 34 425 36 1176

GRAND TOTAL 2619 33 2760 35 2529 32 7908
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TABLE 6.2.6., TOTAL LARVAE COLLECTED BY YEAR AND SAMPLE DEPTH AT NORTH ANNA POWER STATION, 1978-1983.

SPECIES YEAR  SURFACE PERCENT MIDDLE PERCENT BOTTOM  PERCENT TOTAL
DOROSOMA CEPED I ANUM 78 100 19 296 58 118 23 514
79 408 29 478 34 511 37 1397

80 111 12 463 © 49 367 39 941

81 219 19 473 42 434 39 1126

82 63 13 186 39 222 47 471

83 146 20 276 38 31 42 733

TOTAL TOTAL 1047 20 2172 42 1963 38 5182
ICTALURUS PUNCTATUS 83 0 0 0 0 1 100 1
TOTAL TOTAL 0 0 0 0 1 100 1
LEPOMIS SPP. 78 403 76 72 1L 56 11 531
79 84 75 18 16 10 9 112

80 133 83 13 8 15 9 161

81 102 87 6 5 9 8 n7v

82 92 81 12 11 10 9 114

83 16 57 8 29 4 14 28

TOTAL TOTAL 830 78 129 12 104 10 1063
MICROPTERUS SALMOIDES 78 1 100 0 0 0 0 1
TOTAL TOTAL 1 100 0 0 0 0 1
MORONE AMERICANA 78 0 0 3 100 0 0 3
79 16 29 26 46 L 25 56

80 17 19 33 36 41 45 21

81 125 32 129 33 137 35 391

82 123 42 87 30 83 28 293

83 154 43 105 29 102 28 361

TOTAL TOTAL 435 36 383 32 377 32 1195
PERCA FLAVESCENS 78 86 66 20 15 24 18 130
79 15 83 2 1n 1 6 18

80 40 56 9 13 23 32 72

81 4 72 18 17 1 11 103

82 17 46 8 22 12 32 37

83 W 58 3 13 7 29 24

TOTAL TOTAL 246 64 60 16 78 20 384
POMOX IS NIGROMACULATUS 78 7 58 1 8 4 33 12
79 5 83 1 17 0 0 6

80 10 77 2 15 1 8 13

81 14 88 1 6 1 6 16

82 5 83 1 17 0 0 6

83 19 66 10 34 0 0 29

TOTAL TOTAL 60 73 16 20 6 7 82
GRAND TOTAL 2619 33 2760 35 2529 32 7908
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TABLE 6.2.7. ESTIMATES AND ASSOCIATED 95% CONFIDENCE LIMITS FOR LARVAE ENTRAINED 1978-1983 AT NORTH ANNA POWER STATION.

YEAR SPECIES tOWER CONFIDENCE LIMIT ESTIMATE UPPER CONFIDENCE LIMIT
(X1,000,000) {X1,000,000) (X1,000,000)

78
DOROSOMA CEPEDIANUM 53.6 60.4 67.2
LEPOMIS SPP, 56.9 64.2 71.5
MICROPTERUS SALMOIDES 0.1 0.1 0.2
MORONE AMERICANA 0.2 0.3 0.5
PERCA FLAVESCENS 1.5 12.7 14.0
POMOX 1S NIGROMACULATUS 1.4 1.8 2.1
TOTAL 129.3 139.6 149.8

79
DOROSOMA CEPEDIANUM 117.2 128.1 138.9
LEPOMIS SPP. 9.7 10.9 12.1
MORONE AMER | CANA 5.5 6.3 7.2
PERCA FLAVESCENS 1.4 2.0 2.6
POMOX1S NIGROMACULATUS 0.6 0.7 0.9
TOTAL 137.0 148.1 159.3
80 DOROSOMA CEPEDIANUM 94.6 103.3 112.1
LEPOMIS SPP, 20.2 22.3 24,3
MORONE AMER ) CANA 10.7 11.5 12.4
PERCA FLAVESCENS 5.3 6.0 6.6
POMOX!S NIGROMACULATUS 1.2 1.5 1.7
TOTAL 135.2 1y, 6 153.9
81 DOROSOMA CEPEDIANUM 143.3 157.1 170.9
LEPOMIS SPP. 18.4 20.5 22.6
MORONE AMER!ICANA 50.8 54.8 58.8
PERCA FLAVESCENS 13.0 .y 15.8
POMOX IS NIGROMACULATUS 2.2 2.6 2.9
TOTAL 233.1 249.4 265.8

82
DOROSOMA CEPED{ANUM 35.4 39.4 3.3
LEPOMIS SPP. 10.5 12.4 .2
MORONE AMER|CANA 26.1 29.0 31.9
PERCA FLAVESCENS 3.4 3.7 4.1
POMOX1S NIGROMACULATUS 0.5 0.7 0.8
TOTAL 79.4 85.1 90.7
83 DOROSOMA CEPEDIANUM 82.9 89.3 95.6
ICTALURUS PUNCTATUS 0.1 0.1 0.2
LEPOMIS SPP. 3.3 L.o 4.7
MORONE AMERICANA 33.1 36.8 Lo.6
PERCA FLAVESCENS 1.6 2.0 2.3
POMOX1S NIGROMACULATUS 2.6 3.2 3.8
TOTAL . 127.1 135.4 3.7
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RE 6.2.1. TOTAL ENTRAINMENT CATCH PER PUMP OF SELECTED ABUMDANT SPECIES
ICRTH ANNA POWER STATION, 1978-1983.
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FIGURE 6.2.2. CSTIMATED TOTAL NUMBER OF FISH LARVAE CNTRAINED PCR YEAR

AT NORTH ANNA POWER STATION, 1978-1983. .
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7.0 IMPACT ASSESSMENT

7.1 Impingement
The dimpact of impingement during this 5-year 9-month study period on

the Lake Arna fishery will be discussed from three perspectives: (1)
comparison of impingement losses by major species with total lake standing crop
derived from rotenone estimates; (2) comparison of losses due to impingement by
major species with the average fecundity of these species and; (3) comparison

of impingement losses with creel losses, when available.

Impingement rates are related to fecundity, the general term used to
describe the number of eggs produced by fish (Lagler, et al. 1962). The number
of eggs produced by an individual female varies according to a great many
factors including age, size, environmental condition, and species. Some eggs
are buoyant (pelagic) and have specific gravity about the same as fresh water;
however, most lake fish produce eggs that are heavier than fresh water, which
causes them to sink (demersal) and have an adhesive coating that holds them to
a substrate and prevents them from being swept away by current (Reutter and

Herdendorf 1979).

The percentage of eggs produced by a single female fish that actually
grow to adult size is very small, especially for broadcast spawners. This
percent survival is affected by many factors dincluding physical parameters,
predation and the principle of compensation. The fecundity of selected
species, as discussed below, is described in terms of potential replacement and
is presented only to show the disparity of the number of fishes impinged versus

the fecundity of each species.
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Gizzard Shad

The average annual standing crop of gizzard shad (1979-1983) was 121
kg/ha (Vepco 1983 and 1984). This value may well be an underestimate as
gizzard shad is a schooling species and the probability of capturing a school
in a given cove is Tow. Porak and Tranquilli (1981) found the average standing
crop of gizzard shad in Lake Sangchris, I1linois to be 275.3 kg/ha, but that is
a much smaller lake than Lake Anna (less than 1/4 of the surface area). The
average annual weight of gizzard shad impinged in Lake Anna during the
5-plus-year study period was 2,200 kg (Table 6.1.3). Thus 0.32% of the Lake
area (18 of 5,600 ha) would be required annually to produce the weight of
impinged gizzard shad. Stated another way, an average 0.32% of the total
gizzard shad standing crop (by weight) was impinged annually. The number of
gizzard shad per hectare, from rotenone data, is only readily available for the
years 1981-1983. Using these 3 years of data, averaged, the annual standing
crop number was 1.7 x 103/ha and the average annual number impinged during this
3-year period was 3.4 x 104 (Table 6.1.3). Thus 0.38% of the Lake area (21 of
5,600 ha) would be required annually to produce the number of impinged gizzard
shad, This value is much smaller than found in the Lake Sangchris study, 1.82%

(Porak and Tranquilli 1981).

Gizzard shad have a high reproductive potential and a rapid growth

rate. They can reproduce at 2 years of age and the number of eggs contained in

4 to 5.4 x 105 (Carlander 1969) dependent on

5

a female can range from 2.2 x 10
their age and size with an average of 3.8 x 10° for age class II (Jones 1978).
The average yearly estimate of impinged gizzard shad at the North Anna Power
Station was 1.2 x 105 for the 5-plus-year study (Table 6.1.3), considerably
less than the maximum fecundity potential of one average size 2-year-old female

gizzard shad.
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Black Crappie

Preoperational cove rotenone studies show a 52% drop in black crappie
standing crop between 1976 and 1977 at three coves sampled on Lake Anna
(Vepco 1984). The Pamunkey Arm cove was not sampled during 1976. After
jmpingement startup in April 1978, August cove rotenone studies showed an
additional 86% (1977 versus 1978) drop in black crappie standing crop at the
three coves sampled during 1976. The Pamunkey Creek cove in the upper lake,
approximately seven miles above the intake area, showed a 70% drop in black
crappie standing crop between 1977 and 1978 (Vepco 1978). It is unlikely this
station could have been affected by only four months of station operation. It
would appear, therefore, that the decline of the black crappie standing crop is

unrelated to station operation.

Results of cove rotenone studies at Lake Anna have indicated a steady
decline of black crappie since 1978 (Vepco 1983 and 1984). The average annual
standing crop of black crappie for the five years is 6.64 kg/ha (Vepco 1983 and
1984). The average annual weight of black crappie impinged during the
5-plus-year study was 1,397.3 kg. Thus 3.8% of the lake area (210 of 5,600 ha)
would be required annually to produce the weight of impinged black crappie, or
an average 3.8% of the total black crappie standing crop (by weight) was
impinged annually. The number of black crappie per hectare, from rotenone
data, is readily available only for the years 1981-1983. The 3-year average
annual standing crop (number) was 130/ha (Vepco 1983 and 1984) and the average
annual number impinged was 2.2 x 104. Thus 3.1% of the lake area (171 of 5,600
ha) would be required annually to produce the number of black crappie impinged

in the lake.
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The average fecundity of black crappie has been estimated at 3.8 x 104

5 eggs (Hardy, 1978). Since the estimated average

with a maximum of 1.6 x 10
annual number of black crappie impinged was 2.8 x 104 for the five-year study
period, one average size adult female could theoretically produce more progeny
in one year than were impinged in a year. Black crappie fecundity was not
affected by temperature increases caused by heated discharge from a nuclear

power station in Keowee Reservoir in South Carolina (Barwick 1981).

The Virginia Commission of Game and Inland Fisheries conducted a creel
survey on Lake Anna from 1976 through 1979 (Sledd and Shuber 1981). The number

of black crappie estimated creeled in 1979 was considerably less than each of

the preceeding 3 years (5.7 x 104 vs. an avg. of 1.0 x 105).

4

During 1979 an
estimated 3.9 x 10" black crappie were impinged (Table 6.1.3); this value is
32% (56,634) less than were estimated to have been creeled that year. The
combined creel and impingement estimate for 1979 (9.5 x 104) was only 87%
(1.1 x 105) of the total creeled in 1978. Since such a small number of black
crappie were impinged in 1979, the start-up of impingement could not have been
responsible for the abrupt decline of black crappie which began that year.
Rather, the cause is probably due to natural fluctuations in numbers which
according to Swingle and Swingle (1968) occur frequently in black crappie

populations.

The next time a creel survey was conducted at Lake Anna was in 1984.
As there 1is no impingement data available for that year, the 1984 creel data
were compared to 1983 impingement data. During 9 months of creel surveys at

Lake Anna in 1984 (March through November) an estimated 1.6 x 104

black crappie
weighing 1,225.5 kg were creeled (Vepco unpublished data). During 1983

(January through December) an estimated 1.1 x 10% black crappie weighing 556.8
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kg were impinged (Table 6.1.3). Forty-five percent more fish were creeled than
impinged if 1983 is considered to be a comparable year to 1984 for black
crappie. The weight difference between the creeled fish (average 75.3g) and
impinged fish (average 50.5g) would tend to indicate that anglers were keeping
only the larger, more mature fish whereas the traveling screens collect a more
indescriminate sample with many more smaller fish. However, impingement data
indicate that the majority of the black crappie impinged were larger than 150
mmT.L. (Figure 6.1.1). Therefore, this weight difference may indicate that the
impinged black crappie were, in many cases, weak and emaciated and probably
would have been suscepﬁib]e to predation in the lake under normal conditions.
As the creel survey did not include 1lengths, this hypothesis cannot be

confirmed.

Yellow Perch

As discussed earlier in the "Results" section, cove rotenone data
probably underestimate the yellow perch standing crop in Lake Anna. They are,
however, the best indicators available for the standing crop of that species.
The average annual yellow perch standing crop for the 5-plus-year study period
was 6.5 kg/ha (Vepco 1983 and 1984) and the estimated average annual
impingement weight was 518.1 kg (Table 6.1.3). Since 1.4% of the lake area (80
of 5,600 ha) would be required annually to produce the weight of impinged
yellow perch, then an average 1.4% of the total yellow perch standing crop was
impinged annually. The number of yellow perch per hectare, from rotenone data,
is readily available only for the years 1981-1983. The 3-year average annual
standing crop (numerical) was 230/ha and the average annual number impinged was
7.6 x 103 over this 3-year period. Only 0.6% of the lake area (33 of 5,600 ha)

would be required annually to produce the number of impinged yellow perch.
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The average fecundity of yellow perch has been estimated at 2.3 x 104
ranging up to 1.4 x 105 (Hardy 1978). Since the estimated annual average

4 over the 5-plus-year period, 2

number of yellow perch impinged was 2.9 x 10
average size or one large adult female could theoretically produce more progeny

in one year than were impinged annually.

Bluegill

Cove rotenone studies dindicate a fairly steady standing crop of
bluegill in Lake Anna during the 5-plus-year impingement study period that
ranges from 58.8 kg/ha to 74.2 kg/ha with an annual average of 65.3 kg/ha
(Vepco 1973 and 1974). The estimated average annual impingement weight for
bluegill during the 5-plus-year study period was 80.0 kg (Table 6.1.3). This
means 0.02% of the lake area (1.2 of 5,600 ha) would be required annually to
produce the weight of impinged bluegill or an average 0.02% of the total
bluegill standing crop was impinged annually. The 3-year (1981-1983) average
annual standing crop (numerical) was 7.8 x 103/ha and the average annual number
impinged during that same period was 8.4 103 (Table 6.1.3). Thus 0.02% of the
lake area (1.1 of 5,600 ha) would be required annually to produce the number of
bluegill impinged annually.

The average fecundity of bluegill has been estimated at 1.8 x 104

(Hardy 1978) but can be as high as 6.4 x 104. As the estimated average annual
number of bluegill impinged was 7.4 x 103 during the 5-plus-year study (Table
6.1.3), 1 average size adult female theoretically could produce more progeny in

1-year than were impinged in a year.

During the creel survey years (1976-1979) the estimated average annual

bluegill harvest was 1.5 x 10% fish (Sledd and Shuber 1981). This average is
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almost twice as high as the average annual impingement rate (7.5 x 103 fish)
from 1979-1983. The estimated total number of bluegill creeled during 1984 was
9.0 x 103 (Vepco unpublished data). This value is almost twice as high as the
estimated total number of bluegill impinged during 1983 (5.8 x 103) (Table
6.1.3). The comparison of data from these 2 years probably 1is valid as the
standing crop of bluegill in Lake Anna remained relatively stable during that

period (Vepco unpublished data).

White Perch

Cove rotenone data indicate an increasing population of white perch in
Lake Anna ranging from 2.73 kg/ha in 1979 to 24.2 kg/ha in 1982 and 21.0 kg/ha
in 1983 with an annual average during the 5-plus-year study period of 12.7
kg/ha (Vepco 1983 and 1984). The estimated average annual impingement rate for
white perch during that period was 122.2 kg. At this rate, 0.1% of the Tlake
area (5.8 of 5,600 ha) would be required annually to produce the weight of
impinged white perch, or an average of 0.1% of the total white perch standing
crop was impinged annually. The number of white perch per hectare, readily
available only for the years 1981-1983 averaged 520/ha from rotenone data
(Vepco 1983 and 1984). The estimated average annual impingement number for
these 3 years was 3.9 x 103 (Table 6.1.3). Thus 0.13% of the lake area (7.5 of
5,600 ha) would be required to produce the number of white perch impinged
annually.
The average fecundity of white perch has been estimated at 4.0 x 104
with a maximum reported at 3.2 x 105 (Hardy 1978). As the estimated average
annual number of white perch impinged was 2.7 x 103 during the 5-plus-year
study (max. 5,168) (Table 6.1.3), one average size adult female theoretically

could produce more progeny in l-year than were impinged in a year.



Table 7.1.1 - Impact assessment summary for selected species, comparing average annual impingement
rates with average annual standing crop, average fecundity and creel estimates when
available, at North Anna Power Station 1978-1983.

Species

Gizzard Shad

Black Crappie

Yellow Perch

Bluegill

KWhite perch

Striped bass

Average
Annual
Impingement
Keight (kg)
1978-1983

2,200

1,397

518

80

122

Total number impinged - 10,024 total number stocked - 1,508,098,

0.3%

3.8%

1.4%

0.02%

5.8%

Average
Annual

Standing
Crop {Height-kg)

1979-1983

677,600

37,184

36,400

365,680

71,120

Average

Annual
Impingement
Number

1981-1983

34,417

22,256

7,582

8,362

3,898

Average
Annual
Standing

Crop (Number)

1981-1983
0.4%
9,408,000

728,000
0.6%
1,288,000
0.02%
43,456,000
0.13%
2,912,000

Average
Annual

Impingement

Number
1979-1983

116,769

28,437

28,634

7,438

2,719
0.7%

Fecundity

of

one
Average Size
Female Fish

378,990

37,796

23,000

18,300

40,000

Estimated
Number

~ Impinged

1983

11,018

5,754

Estimated

Creel

Harvest
984

9,056

711



Table 7.1.2 Lake Anna Fingerling Stocking History 1972-1983

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

LW N =

Largemouth Channel
Bass Cat Bluegill Redear

Striped
Bass

Florida
Walleye Largemouth

Blueback
Herring

Threadfin
Shad

1

357,820 394,458 3,493,477 795,401

201,136

194,550

389,724
104,826

Redear shipments contained unestimated percentage of Bluegill

95,000

96,997
293,620
2 164,395
208,568
367,828
213,131
238,171
224,787

255,613

Excludes an estimated 9,556 lost on June 29, 1977 shipment

10,000 fry in poor shape also stocked in 1981

58,220
18,650
43,639

3183,663

59,667
197,250

9,000
2,600

5,000

CTI
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7.2 Entrainment

Regardless of the source of a disturbance on fish populations, there
exists some natural compensatory capacity within that population. Compensation
is the capacity of a population to offset, to some extent, reductions in
numbers caused by some disturbance, e.g. commercial fishes and sport fisheries.
Compensation has been demonstrated in many fish populations and is the primary
basis for sustained commercial fishery operations (McFadden 1977). Ricker
(1954) stated that the removal of young fish (eggs, larvae and juveniles) is at
least partly balanced by the increased survival of the remaining fish. It is
possible that fish populations could withstand exploitation by power plants at
levels described in commercial and sport fisheries. The natural compensation
capacity of fish populations in Lake Anna should reduce the impact of

entrainment by North Anna Power Station.

It has been shown that the mortality rate of larval populations is a
major factor in determining fisheries stock stability (Polgar 1977). The
effects of entrainment on stock stabi]ity'can be assessed by determining the
number of adults represented by the entrained larvae (Long Island Lighting Co.
1977). Several models were considered for the Lake Anna entrainment program
(Horst 1975; Hackney and Webb 1977; and Goodyear 1978). Goodyear's (1978)
equivalent adult model was chosen because it eliminates sources of error found
in the others that could underestimate impact. The model is based on work that
shows larval mortality as being a function of Tlength class (Swedberg and
Walburg 1970). Goodyear shows that data on abundance of larvae, grouped by
body Tength can be used to estimate a probability of survival from one length
class to the next during the period that larvae are vulnerable to entrainment.
The number of adults that would have resulted from the entrained larvae can be

estimated by the equation:
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k
Na = = Ng S
e

Where:

k = number of larval Tlength classes that are subject to entrainment
mortality

N, = number of length class ¢ killed by entrainment

S, = Survival probability from length class ¢ to adulthood, which can
be derived from the equation:

Sg = 2
Se, ¢ Fa

Where:

Fa = Average lifetime fecundity

Gizzard shad - 59,480
White perch - 40,000

Sunfishes - 10,751
Black crappie - 37,796
Yellow perch - 23,000

Se,¢ = survival probability from egg to length class ¢, which can be
. derived from the equation:

-d(L, - h)
Se,e = He
Where:
H = fraction of eggs that hatch
L, = Length of length class ¢
h

Length at hatching

instantaneous mortality rate of length classe , which is derived
from the equation:

d
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The equivalent adult analysis is based on the following assumptions:

1) There is 100% mortality of entrained larvae

2) The stock populations are at equilibrium and the total lifetime

fecundity produces two adults

3) No compensatory mechanisms are operating

4) 75% of the eggs produced by the entrained species survive to the

larval stage

Lifetime fecundity values and hatching success rates were averaged from the
literature (Schubel 1974; Edsall 1977; New York State Gas and Electric Co.
1977; Hardy 1978; Jones 1978; and Heberling et al. 1981). The hatching success
values appear to be high for at least some species. Values for survival of
eggs to the larval stage, survival of Tlarvae reaching adult stage and

instantaneous rates of mortality were calculated using the above equations.

The results of the analysis (Table 7.2.1) indicate percent cropping,
or reduction in adult recruitment caused'by entrainment, of each species varied
between years and ranged from 0.01% (black crappie in 1978 and 1979; sunfishes
in  1982) to 4.13% (gizzard shad in 1980). These percentages reflect

differences among years in total estimated standing crop in Lake Anna and the
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length frequency distribution and total larvae entrained. Generally, yellow
perch was relatively most effected by the station's intake during the first 2
years, while during 1981 and 1982 white perch percent cropping was highest.
Gizzard shad had the highest percent cropping (4.13%) in  1980. The
instantaneous rate of mortality probably was heavily affected in 1980 by the
collection of large numbers of Tength Class 1 larvae, possibly due to a Tlate

spawn or a large secondary spawn.

The equivalent adult analysis provided a conservative estimate of
entrainment impact because of the assmptions used 1in the analysis. Larval
mortality experienced in entrainment at North Anna is in reality probably less
than 100%. The reduction in adult recruitment reported are below values that
are thought to cause significant impact on the fishery or the individual
populations (Long Island Lighting Co. 1977; New York State and Gas Co. 1977;
Heberling et al. 1981; Porak and Tranquilli 1981). No adverse effect due to
entrainment on the sport fishery of Lake Sangchris, I11inois was reported by
Porak and Tranquilli (1981). Numerical Tloss of the standing crop at Lake
Sangchris was 5.48% for gizzard shad, 15.3% for Morone spp. (White bass and
yellow bass) and 0.59% for Lepomis spp. (sunfishes). Regardless of the source
of disturbance on fish populations, there is a capacity within populations to
offset a reduction 1in numbers (McFadden 1977). The impact of entrainment at
Lake Anna is minimal when values of percent cropping are considered with other

population mechanisms, e.g. compensation.
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Table 7.2.1 - Results of the Equivalent Adult Analysis of Entrainment
Data at North Anna Power Station, 1978-1983.

Number Number of gg:ﬁéing Percent
Species Year Entrained Adults (Na) Crop ~ Cropping
White perch 1978 3.5 x 10° 163 7.1x 10°  0.02
Gizzard shad 1978 6.0 x 107 7,797 1.4 x 10/ 0.06
Black crappie 1978 1.8 x 10° 150 1.2x 104 0.01
Yellow perch 1978 1.3 x 10’ 24,600 4.4 x 106 o.55
Sunfishes 1978 5.6 x 107 17,677 2.7 x 10 0.07
White perch 1979 6.3 x 10° 1,361 8.7 x 10°  0.16
Gizzard shad 1979 1.3 x 108 44,336 6.4 x 10°  0.69
Black crappie 1979 7.4 x 10° 25 2.4 x 10°  0.01
Yellow perch 1979 2.0 x 10° 8,598 4.7 x 10°  1.81
Sunfishes 1979 1.1 x 107 5,061 2.4 x 107 0.0
White perch 1980 1.2 x 10’ 2,505 1.0 x 10 0.25
Gizzard shad 1980 1.0 x 108 367,787 8.9 x 106 4,13
Black crappie 1980 1.5 x 10° 227 2.7 x 10°  0.08
Yellow perch 1980 6.0 x 10° 741 2.0x 105 0.04
Sunfishes 1980 2.2 x 10’ 9,193 4.1x 100 0.02
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Table 7.2.1 (cont'd)

White perch 1981 5.4 x 10 20,736 1.3 x 10 1.70
Gizzard shad 1981 1.6 x 10° 17,557 1.2 x 10 0.15
Black crappie 1981 2.6 x 10° 323 1.0 x 10°  0.31
Yellow perch 1981 1.4 x 10’ 1,818 1.2x 105 0.15
Sunfishes 1981 2.1 x 10 14,555 4.2 x 100 0.05
White perch 1982 2.8 x 10’ 41,380 3.1x 0% 1.3

Gizzard shad 1982 4.0 x 107 3,207 5.3 x 105 0.06
Black crappie 1982 6.6 x 105 329 2.4 x 105 0.14
Yellow perch 1982 3.7 x 108 1,004 1.6 x 10°  0.06
Sunfishes 1982 1.2 x 10/ 3,276 2.7 x 10/ 0.01
White perch 1983 3.7 x 107 11,636 2.3x 106 o0.52
Gizzard shad 1983 8.9 x 10’ 56,362 7.8x 10®  0.72
Black crappie 1983 3.2 x 10° 3,616 3.1x 10°  1.16
Yellow perch 1983 2.0 x 10° 732 6.2 x 10°  0.12
Sunfishes 1983 4.0 x 10° 17,969 3.5 x 10/ 0.05
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8.0 SUMMARY

Impingement

(1) Impingement studies were conducted at North Anna Power Station from
April 1978 through December 1983. A total of 2.4 x 105 fishes
weighing 5.7 x -103 kg were collected from the intake screens

representing 34 species and 13 families.

(2) The estimated total number of fishes impinged during the over

S weighing 2.3 x 104 kg.

5-plus-year study period was 9.6 x 10
(3) Most fish were entrained in 1979 (61%) followed by 1981 (13%), 1980
(12%), 1982 (7%), and 1983 (5%).

(4) Seasonally, the most fish were entrained during the winter (75%)

followed by spring (13%), fall (9%), and summer (3%).

(5) A comparison of intake water velocities and fish swimming speeds
indicate that a healthy fish larger than 24 mm in total length should

be able to avoid the intake current in front of the traveling screens.

(6) The most commonly impinged fish was gizzard shad (65%), followed by
black crappie (16%), yellow perch (16%), bluegill (4%) and white perch
(1%).

(7) The similarity of impingement length-frequency data and rotenone

length frequency data indicate that impingement 1is a good sampling
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device, comparable to rotenone, 1in determining changes in the

population of certain species.

(8) During the 5-plus-year study period, an average 0.32% of the total
gizzard shad standing crop (from rotenone data) by weight, or 0.38% ,

by number, was impinged annually.

(9) One average size 2-year-old female gizzard shad has a fecundity
potential greater than the estimated average number of gizzard shad

impinged annually.

(10) An average 3.8% of the total black crappie standing crop by weight, or

3.1% by number, was impinged annually.

(11) One average size adult female black crappie theoretically could

produce more progeny in 1 year than were impinged.

(12) Forty-five percent more black crappie were estimated to have been

creeled in 1984 than were impinged in 1983.

(13) The decline in the black crappie population in Lake Anna does not
appear to have been caused by the start-up of the North Anna Power

Station.

(14) An average 1.4% of the total yellow perch standing crop by weight, or

0.6% by number, was impinged annually.
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(15) Two average size or one large adult female yellow perch could

theoretic